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FOURTEEN years ago the extraction of insulin by Banting and 
Best, and its isolation in relatively pure form by Collip was reported 
to this Association, together with some of the physiological and 
clinical effects of the hormone.' This hormone has been successful 
in controlling practically all cases of diabetes mellitus. Two draw- 
hacks to its use, however, were early recognized: the short duration 
of its action, and its tendency to bring about the clinical syndrome of 
hypoglycemia. With further purification, these two defects became 
nore pronounced and insulin appeared to become almost explosive 
i its action. The more severe cases of diabetes required 4 or even 
) injections a day and, during the hours of sleep, hypoglycemia or 
ivperglycemia, glycosuria and ketosis might supervene. Examin- 
‘ion of the blood throughout a 24-hour period revealed wide varia- 
ions in the blood sugar levels, even under the most careful adjust- 
vent of insulin administration and diet. 


* Read at the Association of American Physicians, May 6, 1936, Atlantic City, 
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The effects of purification of insulin have not been wholly unde- 
sirable. ‘The number of local reactions to the injection of insulin 
has markedly diminished. Through increased rate of action of the 
insulin, the chances for recovery of the practically moribund coma- 
tose diabetic have probably increased. Likewise, a rapidly acting 
insulin is of considerable value in patients suffering from infections, 
previous to emergency operations on diabetics, and so on. 

While many attempts have been made to slow up the action of 
insulin, none have proved practical clinically until Hagedorn? and 
his coworkers introduced a combination of a protamine and insulin, 
which they called protamine insulinate. This is administered in a 
suspension relatively insoluble at the pH of the body. Last January 
they reported the results of their clinical experience and stated: 
that protamine insulin would depress the blood sugar level twice as 
long as regular insulin; that hypoglycemic reactions were less fre- 
quent; and that they had treated severe cases of diabetes successfully 
with not more than two injections daily. These observations have 
been repeated and confirmed by Root, White, Marble and Stotz,* 
by ourselves,‘ and by Lawrence and Archer,’ and it now appears 
that protamine insulin constitutes an important advance in the 
treatment of diabetes.* 

Adjustment of Dosage. [Hagedorn recommended for routine use 
the administration of regular insulin before breakfast and protamine 
insulin before the evening meal. Regular insulin in this way would 
meet the heavier demands during the absorption of food, and pro- 
tamine would answer the lighter, but more prolonged requirement 
during the postabsorptive period. Most cases can be brought under 
good control by this method of treatment. 

During the past 6 months the Connaught Laboratories of the 
University of Toronto have furnished us with a compound insulin, 
using a protamine from a Pacific Coast salmon. This preparation 
appears to be somewhat slower in action than the Danish, and we 
have been able to control successfully a large proportion of cases, 
even the most severe, with a single injection of either protamine 
insulin or a mixture of protamine insulin and regular insulin. 

Diabetes of moderate severity, requiring, for example, 20 to 40 
units a day or ordinary insulin given in 2 doses, can usually be con- 
trolled by a single dose of 20 to 40 units of protamine insulin given 
in a single injection before breakfast. In the most severe cases, 
those which would require 60 to 100 units of regular insulin given in 
3 or 4 injections, a single dose of 50 to 60 units will usually bring 
about fair control. Not only can the insulin be given in a single 
dose, but there is usually some actual economy in the number of 
units given. These single injections appear to be most effective 

* Since this paper was read, Sprague, R. G., Blum, B. B., Osterberg, A. E., Kepler, 


E. J., and Wilder, R. M., have published an important paper on this subject. Cf. 
J. Am. Med. Assn., 106, 1701, 1936. 
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when given | hour or more before breakfast. Sometimes the action 
of protamine insulin administered in this way is not rapid enough to 
prevent hyperglycemia and glycosuria before breakfast, and a small 
amount of regular insulin may with advantage be given at the same 
time as the protamine insulin. It appears, however, that there is 
some variation in the rate of absorption and action of protamine 
insulin in different individuals and in a few cases the blood sugar 
will begin to rise considerably before the expiration of the 24-hour 
period. In these cases, a large dose of protamine insulin before break- 
fast (40 to 50 units) and a small dose of the same insulin (10 to 15 
units) given at bedtime may be effective when the single injection 
has failed to control the glycosuria and hyperglycemia. 

With diets high in carbohydrate, we have occasionally encountered 
eases which did not come under satisfactory control with these 
methods of treatment. It would appear in these cases that the blood 
sugar level was unstable or that the demand for insulin during the 
day was so much greater than at night that hypoglycemia or gly- 
cosuria at some part of the 24-hour period occurred. These cases 
were brought under control by the Hagedorn method. Possibly 
this method of using the regular insulin during the day and the 
protamine insulin at night may be the most suitable for this group. 

Diets. Protamine insulin has been used in the treatment of pa- 
tients on the different types of diet now in current use: 1, Those 
high in fat and low in carbohydrate;® 2, diets low in fat and high in 
carbohydrate;?_ and 3, diets where the amount of carbohydrate and 
fat are about equal by weight.’ We have continued to allow pa- 
tients about one gram of protein per kilo of body weight, except in 
those markedly overweight, and have established the total caloric 
intake at a low maintenance level. In most cases the carbohydrate 
has been divided between the 3 meals, so that somewhat less is given 
at breakfast time and more is given at mid-day and evening meals. 
We have been able to bring these cases under good control by some 
division of dosage between the 2 types of insulin. On the whole, 
patients on diets high in fat and moderately low in carbohydrate 
have lent themselves more readily to treatment with the single large 
dose than patients on the other types of diet. Diets very high in 
carbohydrate and low in fat have been less suitable for this method of 
treatment. It is our impression that greater latitude in the amounts 
of certain foods eaten (meat, fat and low percentage carbohydrate 
foods) may be allowed to patients than when regular insulin alone 
is used. 

Hypoglycemic Reactions. It is remarkable that large doses of 
‘his new insulin may be given without the development of hypo- 
‘lveemic symptoms. For example: in a case in which 20 units of 
regular insulin before breakfast might bring about hypoglycemia 
>efore the lunch hour, 50 units of protamine insulin can usually be 
‘iven without the symptoms of hypoglycemia or even undue lower- 
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ing of the blood sugar. Also, whereas even small increases in amount 
of ordinary insulin result in (1) a more precipitate fall of the blood 
sugar, (2), a greater degree of fall, and (5), no material increase in 
the duration of its action, a similar increase in the protamine insulin 
injected results in an increase in the duration of its action without 
increasing the rate of fall of blood sugar or the liability to hypo- 
glycemic symptoms to any considerable extent. Possibly the slow 
rate of fall of the blood sugar is responsible for the fact that pa- 
tients may tolerate blood sugar levels as low as .045¢, without 
consciousness of hypoglycemic symptoms. 

Reactions have not been eliminated by the introduction of pro- 
tamine insulin, but their occurrence has been markedly decreased. 
With the one injection of a large amount of protamine insulin before 
breakfast, the blood sugar has usually reached its minimum level 
sometime between midnight and 4 o'clock in the morning. At first 
this low level of blood sugar gave us considerable concern, but ex- 
cessively severe reactions have not been encountered. Occasionally, 
it might appear advisable to give some 406; of the carbohydrate 
with the evening meal, and possibly some carbohydrate at bedtime, 
but so far we have not found this latter measure necessary. The 
fact demands some emphasis that, when a patient develops hypo- 
glycemia as a result of protamine insulin, this reaction is likely to be 
more prolonged and carbohydrate should be available for a longer 
period of time than was necessary to control the former type of 
reaction. Recurrence or persistence of the reaction as new supplies 
of the insulin suspension dissolve in body fluids, may thus be antici- 
pated and provided against. Orange juice and bread, rice or potato, 
or bread and honey, would appear to be suitable antidotes. 

No local reactions have been encountered in our cases. This ex- 
perience is similar to that of other investigators,? and it is in harmony 
with the view held that protamines are non-antigenic in nature. 

Our experience with protamine insulin is limited to 50 cases, most 
of which have been diabetic and receiving insulin for a considerable 
time and are without interfering complications. Many have been 
recalled to hospital for the specific purpose of testing their behavior 
with protamine insulin. It has always been our practice to demon- 
strate that insulin is necessary before administering it but, in each 
case, a preliminary period of rechecking to redetermine the regular 
insulin requirement was carried out before transferring them to the 
protamine compound. The action of protamine insulin is slow, and, 
if only protamine insulin is used, glycosuria will occur for 2 or 3 days. 
The change is best accomplished by giving 75 to 100¢; of the previ- 
ous dose of regular insulin as protamine insulin in a single morning 
dose accompanied, the first day, by about 60°, of the previous dose 
of regular insulin divided in 2 doses, before breakfast and supper; 
and, on the second day, 30° % of the previous dose before breakfast; 
and, thereafter, protamine insulin only. None of the 24-hour blood 
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sugar curves Was obtained in less than 7 days from initiating the 
change they illustrate, in order that overlapping of previous treat- 
ments might be avoided. Initial treatment of diabetics with prota- 
mine insulin has been carried out in but few cases, but along the same 
lines, that is, using some regular insulin with the protamine com- 
pound for the first days. 


Case Reports. (ase 1. A male, aged 50, had diabetes of 1 year’s dura- 
tion. Standardized on a diet of protein 45 gm; fat, 1S6 gm.; carbohydrate, 
49 gm., with normal blood sugar and freedom from glycosuria on 20 units 
of insulin twice daily. Curve 1 shows the blood sugar level throughout the 
24 hours on regular insulin, 20 units twice daily; while Curve 4 shows that 
a single dose of regular insulin is definitely ineffectual in controlling the 
blood sugar. Curves 2 and 3 show the effect of single doses of Jridius (Dan- 
ish) and Onchorhynchus protamine insulin, respectively, given at S A.M. 
Saving in insulin, 50% (Cross-hatched area is zone of normal postabsorptive 
blood sugar levels). 

Case 2..-A male, aged 57, diabetic since 1927. On same diet and 
insulin since 1928. Tolerance remains the same over a 3-weeks’ test. 
diet: protein, 60 gm.; fat, 200 gm.; carbohydrate, 70 gm. Insulin 1S 
units twice daily. Curve 1 shows an unexpectedly high postprandial 
hyperglycemia after breakfast, though the urine remained sugar-free, due 
to high threshold. Curve 2 shows that a single dose of 1S units of regular 
insulin completely fails to control the blood sugar. Curve 3 was obtained 
after treatment with single doses of 25 units of protamine insulin daily. 
This shows the marked hyperglycemia after breakfast. Without the 
hourly blood sugar curve, this treatment, as well as the treatment with 
regular insulin twice daily, would be regarded as satisfactory, as he remained 
aglveosuric. Treatment should be modified as suggested under Discussion. 

Case 3. A female, aged 60, diabetic for 10 months. Diet: protein, 36 
gym.; fat, 170 gm.; carbohydrate, 45 gm. Aglycosuric, normoglycemic for 
3 months on 20 units of regular insulin twice a day. Curve 1 shows the 
blood sugar throughout the 24 hours on this procedure. Curve 2 shows 
an excessive hyperglycemia after breakfast by giving 25 units of protamine 
insulin immediately before breakfast. Curve 3 shows the value of moving 
back the dose | hour. Saving in insulin, 37% 

Case 4.-A female, aged 5S, diabetic since 1925. Using insulin since 
1926. Felt well until a year ago when she became needle-shy and stopped 
the insulin though continuing with diet. Stabilized on old diet of protein, 
144 gm.; fat, 160 gm.; carbohydrate, 40 gm., but now requires 3 doses of 
regular insulin: 30 units, S a.m.; 30 units, 4.30 p.m.; and 12 units at 11 
vem. Curve 1 shows the hourly blood sugar on this dosage. Substituting 
a single dose of 55 units of protamine insulin immediately before breakfast 
was hardly satisfactory (Curve 2), so a dose of 20 units of protamine insulin 
and 25 units of regular insulin were given together at 8 a.m. This proving 
satisfactory over a month’s trial (Curve 3), the patient was given the two 
insulins in the same syringe. The curve is identical with Curve 3 save for 
minor variations. The patient has continued this procedure with success 
‘or 3 months. Economy of insulin 37%. Were this patient to appear for 
treatment now, we would move the single dose of protamine insulin alone 

mack to 6.30 -4.m., 1} hours before breakfast. 

Case 5.A female, aged 61, diabetic since 1928. Diet: protein, 44 
em.; fat, 140 gm.; carbohydrate, 52 gm. Stabilized on diet and insulin 
/ months before. Recalled for testing and rechecked. Remained agly- 
osuric and normoglycemic on regular insulin: 28 units, 8 a.M.; 28 units, 

30 p.m.; and 12 units at 11 p.m. Curve 1 shows the hourly blood sugars. 
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A single dose of protamine insulin at 8 A.M. was quite unsatisfactory. The 
Hagedorn procedure (20 units of regular insulin and 25 units of protamine 
insulin at 4.30 p.m.) was an improvement (Curve 3), and increasing the 
doses to 30 and 40 units respectively gave very satisfactory control (Curve 
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(4). The advantages of the single morning dose led us to try 25 units of 
regular insulin and 35 units of protamine insulin at 6.30 a.m.; breakfast at 
Alteration of this dose to regular insulin 20 units 
protamine insulin 40 units, given in the same syringe at 6 A.m., lowers the 


S a.m. (Curve 5). 
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blood sugar a little too much, though the patient does not feel abnormal 
(Curve 6). 

Case 6.—A male, aged 36, diabetic since 1931. Admitted unconscious 
and moribund from hypoglycemia. Astonished us by recovering. Placed 
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on diet: protein, 44 gm.; fat, 183 gm.; carbohydrate, 50 gm. Impossible 
to stabilize without using 4 doses of regular insulin daily: 4 units, 4 A.M.; 
28 units, 8 A.m.: 25 units, 4.30 p.m.; 6 units, 11 p.m. Curve 1 shows the 
hourly blood sugars on this regimen. A single dose of protamine insulin 
(50 units at 7 A.M.) was unsuccessful in controlling the postprandial hyper- 
glycemia (Curve 2). Two doses of protamine insulin (50 units and 5 units 
at S a.m and 11 p.m respectively) gave a more even curve which was below 
normal most of the day (Curve 3). Using 30 units of regular insulin at 
Sam. and 15 units at 4.30 p.m. was probably unsatisfactory because of 
unsuitable dosage (Curve 4). A more satisfactory result was obtained by 
giving 50 units of protamine insulin and 8 units of regular insulin at 5.30¢ 
aM. (Curve 5). As the patient was already hypoglycemic at breakfast- 
time, the regular insulin was reduced to 5 units, on which the patient has 
carried on successfully at home for the past 3 months. 


« PROTAMINE INSULIN 35 UNITS 8:00 A.M, 


Case 7.—A male, aged 48. In 1922, controlled successfully on diet: 
protein, 50 gm.; fat, 150 gm.; carbohydrate, 50 gm., with 15 units insulin 
twice a day. In 1930, tried on high carbohydrate diet and became un- 
stable. In 1934, on diet of protein, 50 gm.; fat, 140 gm.; carbohydrate, 
140 gm., required 5 doses of regular insulin: 5 a.M., 5 units; 8 a.M., 15 units; 
12 noon, 10 units; 4.30 p.m., 10 units; 11 p.m., 5 units. In 1935, well con- 
trolled by using 5 units regular insulin at 8 a.m., and 30 units protamine 
insulin at 4.30 p.m. When this was substituted by 60 units of protamine 
‘insulin and 5 units of regular insulin at 6 a.m., the result was most unsatis- 
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factory (Curve 1). An isocaloric change to a diet of protein, 50 gm.; 
fat, 180 gm.; carbohydrate, 50 gm., with insulin in the same dosage at 
7 A.M. improves the curve very much (Curve 2). Reduction of the pro- 
tamine insulin by 10 units gives less satisfactory results both from the stand- 
point of the blood sugar curve and the patient's feeling of well-being 
(Curve 3). This patient is extremely sensitive to insulin insufficiency, re- 
acting by fatigue, nausea and ketosis to the slightest deficiency. Since 
the use of protamine insulin these symptoms have disappeared. 

Case 8.—A female, aged 16, has had diabetes since 1931. On high car- 
bohydrate diet, protein, 60 gm.; fat, 63 gm.; carbohydrate, 250 gm., it 
proved impossible to find a dose of regular insulin which would not produce 
hypoglycemia, hyperglycemia and glycosuria. On protamine insulin, 35 
units, 8 a.m. and 15 units, 4.30 p.m., there is marked hyperglycemia after 
breakfast (Curve 1). Changing the diet to protein, 60 gm.; fat, 143 gm.; 
carbohydrate, 100 gm., diminishes the hyperglycemia and abolishes gly- 
cosuria (Curve 2). There is apparent here the desirability of using regular 
insulin to control postprandial hyperglycemia, the necessity being the 
greater the higher the level of carbohydrate in the diet. 

Case 9.—A female, aged 60, has had diabetes since 1926. Diet: protein, 
50 gm.; fat, 50 gm.; carbohydrate, 300 gm., with a single dose of protamine 
insulin 35 units at 8 a.m. (Curve 1). With an isocaloric diet change to 
protein, 50 gm.; fat, 161 gm.; carbohydrate, 50 gm., the same dose of 
protamine insulin controls the hourly blood sugar curve adequately 
(Curve 2). 

Discussion. ‘The effect of the earliest preparations of insulin lasted 
as long as 24 and 27 hours. This phase was soon succeeded by 
another in which a better purified product gave fewer local reac- 
tions, but at the same time the action of the insulin became decidedly 
shorter in duration, the lowest blood sugars occurring about 4 hours 
after injection, and a return to the previous level occurring about 
8 hours after injection. More recently, the same dose of insulin 
given to a normal individual depresses the blood sugar for about 
3 hours in many instances. It need not necessarily be considered 
that the blood sugar lowering effect of an insulin represents accur- 
ately the metabolic activity of the insulin, but other facts appear to 
point in the same direction. Coincident with the shorter period of 
action on the blood sugar, it has become necessary, in a much larger 
percentage of cases, to resort to an increased number of doses of 
insulin per day, in order to maintain the patient aglycosuric. Like- 
wise, the tendency to develop ketosis in such cases, and rapid loss 
of the feeling of well-being after the administration of the insulin 
stands in contrast to the effects of the earlier insulin preparations. 
Often these patients have been confused with an entirely different 
group, those who, through marked diminution in endogenous in- 
sulin production, have become the so-called ‘‘unstable cases,” or 
even the ‘“‘complete diabetics.” The number of these cases really 
remains quite small, but the number of cases requiring 3 or more 
doses of regular insulin to maintain them in good health has risen 
to some 40% of the total number of cases requiring insulin. The 
psychological, as well as the physical advantage of being able to 
treat these patients with 1, or at most 2, doses of insulin cannot be 


TREATMENT OF DIABETES MELLITUS 599 


overestimated. For those patients also, who require but 2 doses of 
regular insulin daily, there is a very considerable convenience in 
being able to reduce the number of doses to 1 per day, taken in the 
early morning. As previously indicated, this is best accomplished 
when the diet prescribed is relatively low in carbohydrate. Prota- 
mine insulin is slow in action because of the slow rate of absorption, 
and is relatively ill-suited for controlling postprandial hypergly- 
cemia of high degree. Difficulty with postprandial hyperglycemia, 
however, is most frequently encountered after breakfast, and may 
be overcome by various means, examples of which may be seen in the 
preceding brief case reports: 

1. By increasing the size of the dose. This is occasionally satis- 
factory, but tends to produce a low blood sugar during the night. 
Possibly an insulin with a 30-hour action might improve this situa- 
tion. In protamine insulin, as at present produced, less than 4° 
of the insulin is free. A somewhat higher proportion of free insulin 
might also be valuable for this purpose. 

2. By moving back the injection time 1, 2 or 3 hours before break- 
fast, thus allowing time for a larger amount of protamine insulin 
to be absorbed. 

3. By reconstituting the diet so that little of the carbohydrate 
appears in the breakfast, and most in the evening meal. 

4. By the use of a dose of regular insulin, combined with prota- 
mine insulin. Contrary to the experience of some, we have been 
successful by using a long, narrow-bore syringe, and some care in 
avoiding mixing of the fluids, in giving the two insulins in a single 
injection. 

5. By the use of a second overlapping dose of protamine insulin, 
given some hours after the morning dose, so that a portion of it is 
being absorbed during the postprandial period, that is, at the same 
time as the free insulin of the following morning dose. 

6. By the use of regular insulin in the morning to control the post- 
prandial hyperglycemia, and protamine insulin in the afternoon or 
evening to control the hyperglycemia of endogenous origin. 

Protamine insulin in diminished dosage will sometimes control 
the blood sugar of the patient quite as effectively as a larger dose of 
regular insulin. While the effect is not constant, we would estimate 
the economy of insulin over the series of approximate 30°, a quite 
substantial saving for some of the poorer patients. 

Protamine insulin, however, has an important theoretical advan- 
tage, the practical value of which it is still too early to judge. Rest 
for the injured organ has long been emphasized as an important prin- 
ciple of treatment but, in insulin treatment as commonly employed, 
one must acknowledge that the main effect obtained has been the 

suppression of postprandial hyperglycemia. To a large extent it 
is true that for three-fifths of the day the patient has carried on 
with the aid of his own insulin production and only when this was 
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grossly insufficient to control the hyperglycemia of endogenous origin 
has it received outside support. ‘Too little attention, in our opinion, 
has been given to the desirability of providing the utmost possi- 
bilities for repair and to this factor might be ascribed the so-called 
inherent progressiveness of the condition. . With its prolonged action 
protamine insulin is much more suitable than regular insulin for 
substituting in place of insulin used for endogenous metabolism, and 
accomplishing more complete rest of the pancreas. There is some 
hope that, particularly in children and those adults recently ac- 
quiring an acute form of diabetes, this may be of value in protecting 
and improving the carbohydrate tolerance of the patient. 

Summary and Conclusions. Our experience with protamine insulin 
confirms the view that it is a distinct contribution to the etfective- 
ness of antidiabetic therapy. When possible, we prefer to adminis- 
ter it in a single morning dose. Various methods of using it alone 
and in combination with regular insulin are illustrated and dis- 
cussed. 
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THE discovery of every new etiologic agent for convulsions 
demands a search among epileptics to determine the frequency of this 
agent. In recent years much attention has been given to hypo- 
glycemia as a convulsive factor, particularly in association with 
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instances of hyperinsulinism. The present study aims to determine 
the frequency of this factor in a series of 200 consecutive patients 
with recurrent ‘seizures. )ifferential diagnostic features between 
hypoglycemic epilepsy and other epilepsies are also submitted. 


Material and Method. The subjects of this study attended the Out- 
patient clinics for epilepsy at the Los Angeles County General Hospital 
and the Cedars of Lebanon Hospital. They all received the following 
routine investigation: complete history, general physical examination, 
neurologic examination, urinalysis, blood count, blood Wassermann test, 
Roentgen ray of the skull and spinal fluid examination. Special tests, such 
as electrocardiography and encephalography, were performed when indi- 
cated. On the basis of these examinations there were shown to be 113 
cases of epilepsy of unknown etiology and S7 cases of known etiology; the 
most Common causes among the latter being: trauma, lues, encephalitis, 
birth injury, and alcoholism. None of the patients were on phenobarbital 
therapy or treatment of any other type previous to the period of testing. 

The patients were requested to refrain from eating during the 36 hours 
preceding examination: from supper of one day to after breakfast of the third 
day. A fast of this duration was deemed advisable, since one of our pa- 
tients' with hyperinsulinism failed to develop symptoms of hypoglycemia 
until 20 hours after her last meal. The usual overnight fast would have 
been ineffective in disclosing her abnormality. The patients were allowed 
water as desired throughout the fast. Smoking was interdicted, since 
nicotine is said to elevate the blood sugar. Relatives or friends were in- 
structed to keep the patients under observation and to report any untoward 
developments. The time of occurrence of convulsions and of petit mal was 
noted. The patients were examined at the end of the fast for hypoglycemic 
manifestations and a specimen of venous blood was obtained for a quantita- 
tive glucose determination. The Benedict method? was used for all sugar 
analysis, the Folin filtrate being prepared within 20 minutes after the blood 
was drawn. Observations on 2 cases of pancreatic islet cell adenomas were 
the basis of comparison between the convulsive phenomena of known hypo- 
glycemic origin and those of other epilepsies. 

Results. Only 31 patients (15.5°7) of the 200 tested, presented 
blood sugar readings below 70 mg. and only 4 (2°7) below 60 mg. 
(Chart 1). In none of these were there objective symptoms sug- 
gesting hypoglycemia. Five patients had either tachycardia or 
perspiration or both but the lowest blood sugars were 67 and 68 mg., 
the others being well over 70 mg. Although a few blood sugars 
were lower than the average normal and although a few other cases 
showed mild hypoglycemic (7%) symptoms without reduced blood 
sugars, no diagnostic weight can be attached to these instances 
as evidence for the hypoglycemic origin of the convulsions. There- 
‘ore, although a few blood sugars were lower than the average normal 

here were no definite hypoglycemic manifestations. 

Following a convulsion the blood sugar may be elevated to normal 
rv higher levels. Hence the absence of hypoglycemic symptoms or 
{a low blood sugar after a convulsive attack does not exclude the 

vpoglycemic origin of the latter. Convulsions occurred during the 
ist in 18 instances. That these were spontaneous rather than the 
sult of hypoglycemia is shown by: 
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1, the absence of low blood sugar determinations. (Most 
attacks occurred sufficiently early in the fast to exclude the transient 
postconvulsive rise in blood sugar), or 

2, the frequency of attacks (daily in 4 of these patients), or 

3, the absence of convulsion on repetition of the fast (Table 1). 
Likewise the petit mal attacks which were recorded during the fast 
in 15 cases were of every-day occurrence in these patients (‘Table 2), 
and the blood sugar in every instance was within normal limits. 

It may be concluded, therefore, that fasting for 36 hours failed 
to reveal a single instance of clinical symptoms resulting from hypo- 
glycemia in 200 consecutive epileptics. 


Mg. of Glucose per 100 cc. of Blood 
>| 60-69 0-79 | 80-89 | 90.99 11 11 19 ; 140.149 
] | 
| } 
30 
6 25 
| 
20 
a 
10 
| | | 


Cuart I.— Distribution of 36-hour fasting blood sugars for epileptics. 


The Validity of Fasting as a Test for Hypoglycemia. Blood 
sugar is maintained at a fairly constant level by a homeostatic 
mechanism including a number of different physiologic factors.’ 
In certain pathologic states, the normal mechanism may be altered 
so that the blood sugar in the postabsorptive state is constantly 
below normal. Here the carbohydrate level is persistently depressed 
at all times except subsequent to the ingestion of food when it may 
become temporarily elevated to normal or higher.* This is the usual 
condition in the clinical instances of hypoglycemia with which we 
are conversant, such as pancreatic adenomas, pituitary cachexia 
and hepatic disease. Hence, in these cases, it suffices for diagnosis 


* Other physiologic factors may intermittently overcome the hypoglycemia, but 
of these we have relatively little information. 
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merely to withhold food and permit the blood sugar to drop to a 
subnormal level. 


TaBLe 1.-- Record or Granp Mat DurinG THE Fast. 


Repetition of test 
36-hour Hypo- 


t Ss aneou 
Diag- | fast when fast gly pontaneous 
blood 


Hours of 


Case 36-hour 


Subject cemic incidence of 
No. — sugar, symp- grand mal 
mg toms sugar, 
mg. % 
2\H.A.| I 78 2-4 per day 
9 B. O 30 So 0 “Frequent” 
26 | J.C. I 20 SS 0 1 in 4 months 65 0 
34 RK. C., I 36 93 0 4-5 per day 
65 E. F. 93 QO 2-3 per week 79 O (24 hours) 
69 W.G. I 25 69 0 1—3 per month 
76 | J. G. I 23 S3 0 7 in 5 years 105 0 
83. A. G. I 7 $2 0 1-2 per week 67 2 convulsions 
95 0 
71 0 
105 0 
s6 J. Ke 34 0 5 per day to 78 0 
2 per month 
95 | N. H. I 32 ; 0 1 per month S7 0 
99 H.H. I 30 104 0 5 per month s4 0 
113 | A. K. I 36 108 0 Daily 
132 I 14 91 0 Daily 73 0 
\ 1) 
152 | C, P. I 26 69 0 1 per year 83. =Convulsion 
153 | J. P. 23 77 0 2 per month 
ed 
155 | A. P I < “ > 94 0 1 per week 75 0 
(25 59 0 
158 | F. P. E 24 91 0 1-2 per month a 0 
LW? id. 8. I 31 67 0 Daily 75 0 


Theoretically, at least, it is conceivable that there are transient 
states of hypoglycemia in which the homeostatic mechanism is only 
temporarily overcome. In such transient states, fasting may fail 
to bring the pathologic condition to light. The etiologic factor may 
not be operative during the test period or, being active, may have 
dissipated itself so that the blood sugar has returned to normal by the 
end of the fast. To establish pathologic states of this type, our 
36-hour fast has obvious deficiencies. However it is unlikely that 
such temporary hypoglycemic phases are actual factors in epilepsy. 

First, we were unable to find a report of any such paroxysmal 
states which had produced major hypoglycemic symptoms. We did 
find two instances*® in both of which the fasting blood sugars were 
normal but hypoglycemia with symptoms occurred several hours 
after eating. The symptoms were however mild and the hypo- 
glycemia of relatively slight degree. On the other hand, a moder- 
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ately severe degree of hypoglycemia is necessary for the production 
of convulsions. Therefore it would appear improbable that a disturb- 
ance of the carbohydrate regulating mechanism of this degree would 
occur spontaneously or repeatedly without some indication in the 
fasting blood sugar. Such would seem to be the case, since no 
instances of the more severe symptoms such as coma, convulsions, 
or confusion on a hypoglycemic basis without a low fasting blood 
sugar were found in the literature. 


TasLe 2.—Recorp or Petit Mat ApreEARING DuRING THE Fast. 


Repetition 


ot test. 
Case No blood cemir incidence ot 36-hour 
ject. nosis attacks . 
sugar, syimp- petit mal fust 
curred mg. toms blood Sy mp- 
sugar, toms. 
meg. ‘ 
10. Ek. B I 91 0 Daily 
46 Mm. I 32 75 0 Daily 
5S L. E. I 36 SO 0 2-3 per day 
59 J. E. A 29 92 0 10 per day 
77 G.G T 33 9S 0 6-7 per day 
s4 I S6 0 1 per day 
90 J. H. I 32 63 0 3-4 per day 77 0 
59 
96 J. H. O 24 141 0 1 per day 
100 R.H I 24 82 0 0-4 per day 
102 . A. i. I 24 125 0 10-20 per day 
104 . A. I I 24 66 0 Several daily 
ci. E. L I 20 66 0 1-2 per day 51 
S3 0 
125 . we E 24 106 Pulse Several per day to 
10S few per month 
mi. I 32 69 Pulse “Numerous” 9S 
120 
86. .|D.8. I Head- Few per month 
ache 
* 7 attacks. 
Code for diagnosis: A = alcoholism; Ec = eclampsia; E = encephalitis; I = 


idiopathic epilepsy; L = lues;O = organic, but not otherwise diagnosed; T = trauma. 


Second, in the best known example of this type of transient hypo- 
glycemia, namely, that following a meal rich in carbohydrate, such 
as the glucose tolerance test, hypoglycemic symptoms are conspicu- 
ous by their absence or at best are very mild. We know of no clinical 
case of hypoglycemia in which pathologic manifestations, particu- 
larly of the moderate or severe type, were present during this phase 
of the glucose tolerance test and not during fasting. It is of interest 
to note that the distribution of blood sugar in 92 epileptics 4 hours 
after eating, reported by Tyson, Otis, and Joyce,® was very similar 
to that obtained in our 36-hour fast (Chart I). One may conclude 
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then that transient clinical symptoms of hypoglycemia of the type 
postulated above is very uncommon. One must take into account 
those physiologic forces tending toward the maintenance of a normal 
blood sugar which might readily counteract the effects of an inter- 
mittent hypoglycemia-producing lesion. It may be that only when 
this pathologic tendency is persistent and continuous that the neu- 
tralizing effects of the homeostatic mechanism are overcome and 
hypoglycemia becomes apparent. Although the demonstration is 
lacking for transient hypoglycemic states productive of major 
symptoms, their existence as an etiologic factor in epilepsy is not 
thereby excluded. There is, however, a bit of further evidence which 
makes this possibility, at least as a frequent occurrence, quite 
unlikely. The injection of insulin in 40 of our epileptics,’ in dosage 
sufficient in most instances to depress the blood sugar to very low 
levels, failed to result in the reproduction of the seizures. It is this 
experimental induction of the paroxysmal hypoglycemic state with 
its negative results in epileptics which makes it appear improbable 
that transient hypoglycemia is a frequent etiologic factor in convul- 
sions. On the basis of these considerations, fasting appears to be a 
valid method for the detection of hypoglycemic epilepsy.* 
Differential Diagnosis of Hypoglycemic from Other Types of Con- 
vulsions. Fasting is not the only means of differentiating hypo- 
glycemic from other types of convulsions. The history of the attacks 
may be very important. We have observed numerous hypoglycemic 
attacks in 2 cases of hyperinsulinism with convulsions due to proven 
adenomas of the pancreatic islets. The following diagnostic sug- 
gestions are based on observations in these 2 patients.': >" 
Hypoglycemic symptoms in the period preceding the convulsions 
are of great diagnostic significance when they occur. The different 
prodromal symptoms are numerous and may vary from one attack 
to another. The symptoms are those which have been described 
by many observers as occurring with insulin overdosage and the 
nore Common symptoms are: hunger, sense of ill being, weak- 
ness, palpitation, tremor, perspiration, confusion, restlessness and 
arious focal neurologic symptoms. Occasionally both of our 
patients had convulsions without any apparent prodromal symp- 
‘oms. Sometimes the interval between the first symptoms and 
‘he convulsion was several hours. In our patient (S. A.), one or 


* One might wish that a greater degree of correlation had been demonstrated 
‘tween the symptoms and the low blood sugar in these cases. In all minor degrees 
hypoglycemia, one should be particularly careful in arriving at conclusions. 

luny instances of low blood sugar without symptoms occur as an isolated finding 
normal persons. Again, fasting blood sugar values in the same individual vary 
different days. This may be due to diet and possibly many other factors. We 
ieve that in all borderline cases of hypoglycemia there should be demonstrated: 
‘ low blood sugar during two or more consecutive attacks of symptoms; 2, relief 
the symptoms by the administration of carbohydrates during the attack, and 3, 
her or normal blood sugar values between symptoms. In the absence of any of 
se postulates, proof is lacking that hypoglycemia is the etiologic factor. 
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several of the following symptoms might precede a convulsion: a 
sense of impending danger, palpitation, tremor, profuse perspiration, 
headache, vomiting, confusion, restlessness, involuntary singing, 
anomial asphasia, numbness of the right hand, and twitching of 
the right face. Our other patient (1. M.), also had prodromal periods 
which varied as to duration and content. Several times she was 
facetious and coquettish, at other times restless and even maniacal; 
once she beat her son unreasonably and again she was hallucinatory 
for the greater part of the day. T herefore, prodromal hypoglycemic 
symptoms, though not constant, are an important diagnostic aid. 

One hypoglycemic symptom we believe calls for special comment. 
The occurrence of profuse perspiration before an epileptic seizure 
should strongly arouse suspicion of an underlying hypoglycemia. 
The physician who sees the prominent beads of sweat as they stand 
out on the body in a spontaneous hypoglycemic attack or following 
the injection of insulin cannot help but be impressed with the diag- 
nostic significance of this finding. A fair number of epileptics, and 
possibly all, perspire during major seizures; but this is certainly not 
due to hypoglycemia because the blood sugar is increased during a 
convulsion. ‘The feature of particular significance for the hypo- 
glycemic convulsions is profuse perspiration during the prodromal 
period or its occurrence in hypoglycemic attacks unassociated with 
seizures. 

Mental confusion for a variable period preceding the convulsion is 
another symptom which should suggest hypoglycemia. This 
occurred often in both of our patients and has been frequently 
reported in the literature. This is uncommon in other types of 
epilepsy. In the prodromal periods of longer duration, it is possible 
to verify the diagnosis by a blood sugar determination before the 
convulsion occurs. Not all premonitory symptoms in epileptics 
are due to depressed blood sugars; however their presence, particu- 
larly if of the hypoglycemic variety, warrants an investigation of the 
blood sugar concentration. 

Variability in the attacks is also an aid to diagnosis, since the 
character of the hypoglycemic attacks varies from time to time, 
whereas in other epilepsies the attacks tend to be of the same types. 
S. A. had various attacks, consisting at different times of convulsions, 
coma,, somnambulism, twitching about the right eye, numbness of 
the right hand, hemiparesis, anomial aphasia and states of con- 
fusion, extreme restlessness, involuntary crying, laughing, and 
singing, or delusions and hallucinations; alone or in combination. 
A similar, though less varied group of paroxysmal hypoglycemic 
episodes appeared in the case of I. M. Besides these different types 
of attacks, the convulsions varied much in severity and in the total- 
ity of their manifestations. There might be only the aura, or 
twitching of only one or more members on one side of the body, 
or a generalized seizure, with or without stupor or mania. When the 
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hypoglycemic patient is seen soon after the first or the first few 
attacks this variability will not be apparent. Even in cases of longer 
duration, it will probably be necessary to receive a report from some 
relative or friend who has observed a numberof the attacks. Further- 
more the latter are often atypical, particularly since unconsciousness 
may accompany only minor motor manifestations. In epileptics, 
as a rule, minor degrees. of motor disturbance, e. g., myoclonic 
twitches, are not accompanied by any impairment of consciousness. 
In the patients with hypoglycemia, minor phenomena, e. g., rolling 
of the head, twitches about the face, and isolated loss of bladder 
control are often accompanied by loss of consciousness. The attacks 
may be atypical in other respects also. This does not mean, of 
course, that classical grand mal seizures do not occur with hypo- 
glycemia. More observation is needed on this point. In the general 
group of epileptics the individual patients average one, two or at 
best three different types of attacks, grand mal, petit mal, auto- 
matisms; the numerous variable attacks seen in hypoglycemia are 
not encountered. Although it is conceivable that in some instances 
of hypoglycemia the paroxysmal episodes will all happen to be the 
same, such will probably be the exception. Conceivably some other 
etiologic agents for convulsions may also produce a great variety 
of different paroxysmal phenomena, but in regard to these we have 
very limited data and at least they are not common. Variability, 
both qualitatively and quantitatively, in the nature of the attacks 
of epileptics should suggest a hypoglycemic origin. 

Finally, the relation of attacks to feeding is very important. The 
longer the interval since the preceding meal, the greater the likeli- 
hood of hypoglycemic symptoms. Convulsions occurring only 
during the early morning or before breakfast should particularly 
arouse one’s suspicion, especially if the patient has profuse night 
sweats or is frequently confused on arising in the morning. Hypo- 
glycemic symptoms have been recorded also as occurring late in the 
afternoon or late in the morning, at times when nocturnal or early 
morning symptoms are not stated to be present. This again brings 
out the remoteness of the symptoms to the previous feedings. It 
may also indicate that the postprandial hypoglycemia is more 
marked than on fasting. However, the same symptoms during 
the night may pass unnoticed, though there may be additional 
factors during the waking state which tend to make for a greater 
degree of hypoglycemia, e. g., muscular activity. In both of our 
patients with hyperinsulinism attacks were most numerous during 
the early morning hours and there were frequent periods of confusion 
when the patient was awakened for breakfast. In the case of A. S., 
night after night, the nurse’s chart read ‘“‘profuse diaphoresis, change 
f linen necessary” at 2 a.M., and 5 a.m., at which times he was 
‘roused for feedings. Obviously not all nocturnal or early morning 
‘ttacks are to be ascribed to hypoglycemia. Still all patients with 
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this history, especially if there are no attacks at other times, should 
be investigated for depression of the blood sugar level. 

The following points in the anamnesis may therefore be regarded 
as suggestive of a hypoglycemic origin for convulsions: 1, a pre- 
monitory period with hypoglycemic manifestations; 2, variability 
in the character of the attacks, and 3, remoteness of attacks from 
the preceding meal. 

Although suggestive, there is nothing specific in these factors 
for diagnosis. Suspicions aroused on the basis of history in regard to 
the above points should be verified by an attempt to reproduce 
the attack through fasting for 36 hours. If symptoms arise during 
the fast, the blood sugar should be determined at that time. In the 
absence of suggestive symptoms, hypoglycemia may be excluded. 
In clinical practice where the complete investigation of the average 
epileptic involves the expenditure of much money on tests which 
are of positive value in only a few instances, the routine additional 
expense of a blood sugar determination may not be warranted. 
The procedure described will enable the physician to exclude the 
negative cases and select suggestive ones in which further chemical 
tests are indicated, 

The glucose tolerance test is often referred to as an aid in the diag- 
nosis of hypoglycemic states. In this connection two features in 
these tests have been taken into consideration. The first treats 
with the height and character of the curve in the average 3-hour 
test. In this test a high or diabetic curve is accepted as indicative 
of decreased tolerance, and a low curve of increased tolerance, the 
so-called flattened curve of hypoglycemia. Yet in proven cases of 
hyperinsulinism the glucose tolerance test is often normal or at times, 
even elevated. On the other hand, tests performed on many patients 
not suffering with hypoglycemia reveal depressed or flattened curves. 
The second feature of the glucose tolerance test refers to the low 
blood sugar readings obtained on the 4th, 5th and 6th hour speci- 
mens. The actual limits of the normal depression in the blood sugar 
at these intervals has not been definitely established. Furthermore, 
isolated low blood sugar readings in these specimens, if unassociated 
with other confirmatory findings, are questionable evidence that 
symptoms are due to hypoglycemia. It appears logical to us to 
insist that, if the depressed sugar reading is to be the basis for 
attributing the clinical picture to hypoglycemia, the patient's 
complaint or other unmistakable hypoglycemic symptoms should 
be present when the low blood sugar is obtained. We have already 
referred to our inability to find a single clinical instance of moder- 
ately severe hypoglycemia in which the diagnosis was established in 
this manner. Suffice it also to say that in a series of epileptics, on 
whom 4-hour glucose tolerance tests were performed, hypoglycemic 
symptoms were unusual and convulsions were not reproduced in a 
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single instance."” Therefore glucose tolerance tests showing either 
a low, “flat,” curve or a low blood sugar in the 4th, 5th or 6th hour 
specimens without the reproduction of symptoms cannot be accepted 
as diagnostic of clinical hypoglycemia. Nevertheless the fall in 
blood sugar subsequent to the ingestion of carbohydrate is usually 
greater than that observed on the overnight fast. In the future 
a valuable test may be worked out on this basis. At present no 
test of this character is available. 

The response to the injection of insulin has been suggested as a 
diagnostic measure in suspected instances of hypoglycemia. For 
the present, one must admit that the test has not been standardized 
nor the validity of the method demonstrated in known cases of 
hypoglycemia. 

A careful history directed toward suggestive features, ¢. g., vari- 
ability of the attacks, prodromal symptoms of hypoglycemia, and 
the remoteness of attacks from the preceding feeding, plus the 
attempt to reproduce the attack by fasting, represent important 
procedures for the diagnosis of hypoglycemic epilepsy. Obviously 
the chemical demonstration of a low blood sugar is an additional 
and most valuable corroboration. Still one must recall that unless 
searched for some time after a feeding diminution of the blood sugar 
may be absent. Immediately after a convulsion it may be absent 
also. 

Summary and Conclusions. |. ‘Iwo hundred consecutive epileptic 
patients subjected to a 56-hour fast failed to develop clinical symp- 
toms of hypoglycemia in a single instance. 

2. In 2 patients with hyperinsulinism the attacks were variable 
in nature, often preceded by obvious signs of hypoglycemia and 
most frequent after the longest interval without food, 7. ¢., during 
the night or early morning. ‘The most constant method for revealing 
the attacks was the with-holding of food. 

5. On the basis of the foregoing, the following diagnostic criteria 
for hypoglycemic convulsions or epilepsy are suggested : 

a, Variability in the nature of the attacks, prodromal symptoms 
of the milder hypoglycemic type, and the occurrence of attacks at 
times remote from the last feeding should suggest a hypoglycemic 
origin. 

b, A 36-hour fast should then be prescribed, for the purpose of 
reproducing the attacks, or at least, of revealing obvious signs of 
ivpoglycemia, and 

ce, A fasting blood sugar determination preferably at the time 
of earliest symptoms should be obtained. The latter is unnecessary 
1 the absence of symptoms on fasting. 

We are much indebted to Dr. Newton Evans and Dr. A. H. Zeiler for the coéper- 


‘ion of their laboratories. To Dr. Samuel Ingham, Chief of the Neurologic Service, 
© wish to express thanks for helpful criticism and stimulation in this study. 
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SUPPLEMENTAL REPORT OF A CASE OF ESSENTIAL 
PENTOSURIA OF TWENTY-EIGHT YEARS’ STANDING. 


(WITH A STUDY OF THE SPECIFIC PENTOSE PRESENT.) 


By SoLtomon Souis-Conen, M.D., Se.D., 
EMERITUS PROFESSOR OF CLINICAL MEDICINE, JEFFERSON MEDICAL COLLEGE, 
AND 


Louis GERSHENFELD, Pu.M., B.Sc., P.D., 
PROFESSOR OF BACTERIOLOGY AND DIRECTOR OF THE BACTERIOLOGY AND CLINICAL 
CHEMISTRY LABORATORIES, PHILADELPHIA COLLEGE OF PHARMACY AND SCIENCE, 
PHILADELPHIA, PA. 


EssENTIAL pentosuria is not as uncommon as was once supposed, 
but is still sufficiently obscure to warrant reports of individual 
instances. The present paper continues in brief the history of a 
case (the 22d on record) reported in 1909,' and adds inter alia a 
recent chemical demonstration of the specific pentose present. 
Clinical details need not be repeated. 


Case Report. In March, 1908, the patient, an active lawyer, then aged 
50, was denied life insurance on the finding of sugar in the urine. A study 
by the reporter indicated that the reducing substance in the urine was pen- 
tose, and this finding was confirmed by Prof. Charles H. LaWall,? who 
obtained positive responses to the phloroglucin- and orcin-hydrochloric 
acid tests, and precipitated by the phenylhydrazin method characteristic 
pentosazone crystals, which, when purified, had a melting point of 157° C. 
Dextrose was negatived by the indigo carmin test; the fermentation tube 
showed no evolution of CO, during 24 hours. The sample was optically 
inactive on nearly every occasion, but once or twice there was a slight 
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dextrorotation, attributed — perhaps erroneously —to transient alimentary 
glycosuria not otherwise shown.* 

Twenty-eight vears have passed; the patient has been (and is) extraor- 
dinarily energetic and active, physically and mentally. Although he 
refuses to undergo any prolonged dietetic studies or controlled blood sugar 
observations, he is not entirely incoGperative, and we have been able to 
make a number of isolated blood sugar estimations, of which the following 
are instances: Blood counts were, and are, within normal limits of varia- 
tion. All tests for lues have been negative, and there is no luetic history. 
The attempt to detect pentose in the blood was made twice and recently 
was positive. The patient has had, from time to time, minor ailments of 
no special significance, unless importance be attached to recurrent attacks 
of colitis and outbreaks of podagra. In connection with the latter, it may 
be noted that the uric acid content of the blood shows a constant tendency 
to exceed 4 mg. per 100 ce. 


Sugar Urea N N.PLN. Urie acid Pentose 
. - Urine 24 hr. 
Meg. per 100 ec, blood B.M.R %. output. 
January, 1918 110 
March, 1925 140 
September, 1928S S4 14 26 41 
January, 1931 104 0.71 10.5 gm. 


Chemical Observations. In 1900, Neuberg,*? who isolated racemic 
arabinose from the urine of a pentosuric, reported that this sugar 
was optically inactive, and that an osazone was produced with di- 
phenylhydrazin. Elliott and Roper* (1912) reported a case in 
which the specific sugar in the urine yielded with phenylhydrazin, a 
crystalline osazone, the latter, ina pure condition, melting constantly 
at 168° to 164° C. They were unsuccessful in their attempts to 
prepare other derivatives of the sugar with diphenylhydrazin or 
with p-brom and p-nitrophenylhydrazin. A case similar to Neu- 
herg’s was described by Aron,’ in 1913; and Cammidge and Howard * 
reported the pentose in their cases as racemic arabinose. 

In 1914, however, Levene and LaForge,’ found a dextrorotatory 
pentose which did not form a di-phenyl osazone, and which they 
regarded as xyloketose on the basis of the following observations: 

1, When the dextrorotatory pentosazone was mixed with levo- 
rotatory xylosazone its melting point increased by 42° C.; 

2, The character of the mutarotation of the osazone was peculiar 
in that the initial rotation was lower than the equilibrium rotation; 

3, On standing, the optical rotation of the urinary osazone in- 
creased in magnitude; 

4, A dextrorotatory xylosazone may be derived from (a) d-xylose, 
)) l-lyxose or (c) from the ketopentose corresponding to these two 
ildoses. The pentose in the urine was dextrorotatory so that it 
ould not have been d-xylose, which is levorotatory; and it differed 
rom the latter in the properties of its p-bromphenylhydrazone; 

* In several cases of pentosuria, it has been established on what appears to be 

nelusive evidence that while the urinary pentose was optically inactive the appar- 


tly neutral urine yielded a dextrorotatory osazone; and in certain instances a 
xtrorotatory urinary pentose has been reported. 
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5, The melting points of both the urinary pentose and d-xylose 
were almost identical, but when the two substances were mixed, 
the melting point of the mixture was depressed below that of either 
substance alone. 

From all this, Levene and Lakorge? concluded that the urine 
pentose was not xylose. Only two other explanations of the struc- 
ture of the urine pentose were possible: (a) l-lyxose and (hb) /-keto- 
lyxose (d-ketoxylose). The former was ruled out on the basis of the 
differences in the properties of the p-bromphenylhydrazone. The 
structure of the urinary sugar as that of a ketopentose corresponding 
to I-lyxose or d-xylose (Fischer's nomenclature) was confirmed also 
by oxidation experiments, and specifically by the action of nitric 
acid and bromin respectively, on the urine pentose. 

Zerner and Waltuch® recovered a similar substance from the urine 
of their 2 cases. The melting point of the pentosazone which they 
obtained was 162° C. and when mixed with /-xylosazone, a new 
compound (dl-xylosazone) was formed, which melted at 210° ©, 
They concluded that the urinary sugar was probably a member of 
the xylose group. In 1930, in his description of 4 cases of pentosuria, 
Greenwald? furnished further proof of the existence of xyvloketose 
in urine, as did Hari" in his 5 cases. Three years later Enklewitz 
and Lasker! reported 12 cases of pentosuria in which the sugar 
present was established as /-xyloketose. In fact these authors 
assert that this pentose “is by far the more common sugar, if indeed 
not the only one” in cases of pentosuria. 

It appears, therefore, that Neuberg,’ Aron® and Cammidge and 
Howard,® believed that the pentose in their cases was racemic 
(inactive d/-) arabinose, while Levene and LalForge,’? Zerner amd 
Waltuch,* Hiller,"? Greenwald,’ and) Enklewitz Lasker," 
describe the urinary sugar in their cases as [-lyxose or the corre- 
sponding xyloketose. In 1909,! when our case was reported, the 
specific pentose in instances of essential pentosuria was not often 
determined; but it was assumed from the reports in the few cases 
in which the specific observation had been made, that invert arabin- 
ose was the only urinary pentose in essential cases. The apparent 
exception reported by Luzzatto™ was attributed by some to a tran- 
sient alimentary pentosuria accompanying the essential form. 

Specific Pentose Present in Case Here Reported. On 3 different occa- 
sions during the past year, large volumes of our patient's urine were col- 
lected. These samples reacted as nearly as could be determined, in a manner 
similar to that reported in the recent literature of pentosuria. Benedict's! 
quantitative and qualitative solutions were reduced by the urine at room 
temperature (urine added to 5 cc. Benedict’s qualitative solution and al- 
lowed to stand for several hours without heating—reduction was apparent). 
Fermentation did not occur with pure cultures of yeast (Saccharomycetes 
cerevisix) nor when the yeast cake on the market was employed. When 2 to 
3 ce. of urine were heated with 4 to 5 ce. of Bial’s reagent, a green color was 
produced. Tollen’s phloroglucinol-hydrochloric acid reaction was positive. 


i 


4 
at 


Aa 


CASE OF ESSENTIAL PENTOSURIA 613 


Quantitative sugar determinations were made on the urine, employing 
both Benedict's" method and that of Lasker and Enklewitz.” In the former 
technique a known amount of Benedict's quantitative solution to which 
was added some sodium carbonate was titrated at boiling temperature with 
either undiluted or diluted urine. The sugar content by this method was 
found to be 0.22 gm. per 100 ce. of urine. 

Lasker and Enklewitz'® believe that their technique may be used to dis- 
tinguish a xyloketosuria from a possible arabinosuria. They state that 
dl-arabinose added to normal urine does not react, whereas it is possible 
to detect 0.05% of added xyloketose, negative results being obtained also 
with urine containing 4% glucose. In the method of Lasker and Enkle- 
witz" the volume of urine (V,), required to reduce 2 cc. Benedict's quantita- 
tive sugar reagent at boiling temperature was determined. In a series of 
test tubes (12 mm. diameter), there was placed 2 cc. Benedict's quantitative 
solution, } gm. anhydrous sodium carbonate and various amounts of urine, 
starting with (V,), and increasing the amount in each successive tube by 
0.1 ce. The tubes were well shaken and placed in a water bath at 55° C. 
for 10 minutes. The tube containing the least amount of urine sufficient 
for complete reduction was then taken as the end point. The volume of 
urine used in this tube was designated as V, and was employed in the fol- 
lowing calculation 

0.0083 * 100 


(1) % xyloketose = \ 
where V, = cc. urine to reduce 2 cc. Benedict's solution at the boiling 
point. 


V, = ce. urine to reduce 2 cc. Benedict's solution at 55° C. 

0.0033 gm. xyloketose is required to reduce 2 cc. Benedict's solution. 
This is Greenwald's equivalent (7. e., —1.22 mg. glucose equiva- 
lent to 1 mg. xvloketose by Benedict's method). 

(2) grams xvloketose in 24 hours = : > a5 
where V = ce. urine voided in 24 hours. 

Since ordinarily not more than 1 gm. reducing substance is present in 
urine, an approximate value for V, may be obtained by calculation, 
according to the following equation: 

(3) V 0.0033 V 
3) Vi (R-1) 

where R = grams of total reducing substance per 24 hours. This 
will vield the range within which to work. 

The amount of urinary sugar found by the above technique was .20 gm. 
l-xyloketose per 100 cc. urine. 

Preparation of Osazone. A mixture of 4 gm. phenylhydrazin-hydro- 
chlorid and 6 gm. crystallized sodium acetate was dissolved in 500 ce. of 
urine, and the mixture was heated on a water bath for 1 hour. The solution 
was then filtered, allowed to cool, and the crystals were recrystallized from 
20% ethyl alcohol several times. Upon microscopic examination the osa- 
zone crystals were found to consist of long yellow needles in the typical 
sheaf formation. The melting point was constantly at 157 to 158° (cor- 
rected 161.7° C.). 

When equal parts of the osazones of /-xylose and the urinary pentosazone 
vere mixed, and recrystallized, the racemic xylosazone was formed, as 
udicated by a rise of the melting point to slightly above 200° C. The 
racemic variety was formed, however, in but 1 instance and not on 2 other 
ecasions—the samples being from different voidings. The typical-shaped 
-rystals of the racemic type were observed in the positive case when viewed 
inder the microscope. Why the racemic type of crystal was not obtained 
‘gain is not known. 
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Optical Activity. 80 cc. of urine were mixed with 20 cc. of ethyl alcohol 
and several: grams of charcoal and filtered. The rotation when read in a 
2.5 dm. tube was dextrorotatory. 

The osazone of the urinary pentose dissolved in a mixture of 4 cc. of 
pyridin and 6 ce. of ethyl alcohol yielded a mutarotation, characteristic of 
xyloketose. The optical rotation increased in magnitude on standing. 

Effect of Bromin on the Sugar. The urine and a solution of the partially 
purified pentose were treated separately with bromin water and liquid 
bromin for 48 hours. At various intervals the urine, when boiled free of 
bromin, still reduced Benedict’s qualitative solution. This reducing power 
was lost upon heating with strong acid. 

Examination of Blood. On January 13, 1936, a sample of blood was 
obtained. Bial’s Orcinol-HCl and Tollen’s Phloroglucinol-HCl tests were 
found to be positive repeatedly. Spectroscopic examinations revealed the 
absorption band between D and E, thus narrowing the positive findings 
down to the pentoses and glycuronie acid. The Naphthoresorcinol-HCl 
test, as suggested by Tollen,* was negative for glycuronic acid. It is thus 
possible to conclude that the positive Bial’s and Tollen’s Phloroglucinol- 
HCl tests were due to the pentoses. However, sufficient serum was not 
available to ferment the glucose and then attempt to prepare an osazone. 
Negative findings were obtained with normal blood specimens used as con- 
trols. From these observations we feel that we can present the fact that 
pentose was found in the blood, though it was not possible, for the reason 
stated, to determine the specific form. 


Conclusion. ‘The urinary pentose reported in the present observa- 
tions gave an osazone, which, after re-crystallization from 20% 
ethyl alcohol, melted at 157 to 158° C.+ Equal amounts of the 
urinary pentosazone and the osazone of /-xylose were mixed and the 
mixture on re-crystallization from 20°7 ethyl alcohol, melted at a 
temperature slightly over 200° C. The characteristic mutarotation 
was observed when the urinary osazone was subjected to a polari- 
scopic examination. This reaction excluded the possibility of 
arabinose or ribose, and limited the choice of pentoses to (1) d- 
xylose; (2) l-lyxose; or (3) xyloketose. 

The rotation of the urine was dextro, thus excluding the possi- 
bility of d-xylose, which is levorotatory. There was only a slight 
loss of sugar when the urine was treated with bromin whereas when 
an aldose is brominated, there is destruction of all of the sugar. 

From consideration of the following findings: (1) the melting 
point; (2) the mutarotation of the pentosazone; (3) the increase of 
over 40° C. in the melting point of the urinary pentosazone when 
mixed with xylosazone; and (4) the result of observation with 
bromin, it is believed that the urinary sugar in this study can be 
regarded as d-xyloketose. 

Summary. A man whose urine, when he was 50 years old, had 
been supposed to indicate glycosuria, was found to have pentosuria. 


* Allen’s Commercial Organic Analysis, 5th ed., vol. 1, p. 496. 

+ The observations made by LaWall (op. cit.) in 1908-09 showed typical circular 
crystals in stellate tufts, having a melting point, when purified, of 157° C. The 
individual crystals differed from those produced by dextrose or levulose in being 
“more slender in Proportion to their length.” 
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Without dietetic regulation or special treatment, he has retained 
health, strength and vim for the 28 years following. The urine has 
been studied with special reference to the specific pentose now 
present, which is found to be d-xyloketose. 

A pentose (or a substance behaving chemically as a pentose) 
was also found in the blood, but owing to the small amount of 
serum available, its specific form could not be determined. 
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PHENOLEMIA AND INDOXYLEMIA. 
THEIR ORIGIN, SIGNIFICANCE, AND REGULATION. 
By B. A. Houssay, 


INSTITUTE OF PHYSIOLOGY, FACULTY OF MEDICINE OF BUENOS AIRES, 
ARGENTINE REPUBLIC, 

Tuts is a discussion of certain of the principles we have ascer- 
tained from the work done in our Institute on the origin, regulation 
ind significance of phenolemia and indoxylemia. Marenzi, in his 
00k published in 1933, has fully considered the problem of phenol- 
emia and that of indoxylemia has been dealt with in detail in an 
irticle of ours (1935). 

Phenolemia. While certain authors (Becher) only measure the 
‘ree volatile phenols in the blood, others adopt methods which will 
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measure the bodies with phenolic groups (phenols, aromatic oxyacids, 
indoxyl, ete.) and even substances (indol) which give color reactions. 
Such is the method of Theis and Benedict (1924) modified by 
Marenzi (1931), using preferably trichloracetic acid for precipita- 
tion of proteins. With the method of Marenzi, the values obtained 
are the following, measured in mg. per 100 ce. of blood. 


TaBLe 1.—VaALvuES FOR PHENOL IN THE BLOoop. 


Total Combined 
Species, Author. Free phenols phenols phenols 
Man... Falsia, 1932 1 59 1.82 0.23 
Dog . Marenzi, 1933 1.65 1 S4 0.19 
Rat Marenzi, 1933 1 62 1 SO 


The phenols in the tissues can also be measured by this technique 
(Marenzi, 1932) even though no volatile phenols are found (Becher). 
Marenzi has also studied the amounts in the urine (1951, b) 

The blood phenols are products of exogenic origin, absorbed from 
the intestine, where they are formed by bacterial putrefaction of 
the aromatic bodies of the proteins. They are found, free and com- 
bined, principally in the blood and are eliminated by the kidney. 

The amount found in the blood of various parts of the body has 
been determined by Marenzi (1933, d), who found in 5 chloralosed 
dogs that the value was slightly higher in the blood of the portal vein 
than in that of the vena cava or the carotids. 

The experiments of Becher (1931) and those of Marenzi and my- 
self (1933, b, d) favor the theory of the intestinal origin of phenol- 
emia. When the kidneys are extirpated there is a rapid and progres- 
sive rise in the blood phenols. These come from the intestines, as 
when the kidneys and intestines are both extirpated (according to 
Becher), there is no rise in the blood and tissue phenol content; 
however, Marenzi found a slight rise in both total and free phenol, 
though much less than when the intestine was intact*). This slight 
rise in the phenols can be due to reabsorption of phenol produced in 
the operative stump, which is hardly probable owing to the washing 
and drainage, or to slight amounts produced in the endogenous 
metabolism. 

Extirpating the intestines, leaving the kidneys in situ, Becher 
found there was diminution and even disappearance of the urinary 
phenols. Marenzi (1933, b, d) has studied dogs in which I aseptic- 
ally resected the intestine from the anus (included) to the middle of 
the stomach which was drained and washed by a continuous drop. 
These animals received subcutaneous saline injections and so lived 
4 or 5 days. The combined phenols (which are formed in the intes- 
tine) rapidly disappeared from the blood, while the free and total 
amounts rose slightly at the beginning, and afterward slowly de- 
creased. 

* It must be taken into account that Becher only measures the volatile phenols 


and that Marenzi measures those which give Moir’s reaction, which explains the 
difference. 
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In the urine of these animals there was diminution of the free 
phenol and a still more pronounced decrease of combined phenol 
(Marenzi, 1935 b, d). 

The combination of the phenols occurs in all the organs, but 
most intensely in the small intestine. In spite of classic opinion, 
the experiments of Mann and Bollmann (1980) confirmed by 
Marenzi and myself (Marenzi, 1931, a; Houssay and Marenzi, 1931) 
show that the liver is not an organ which specially combines the 
phenols. We injected | to 2.5 mg. per kg. of phenol by the jugular 
vein in dogs with liver and one kidney removed, and observed that 
the combination occurred normally. When the liver and both 
kidneys were extirpated the total phenol was not eliminated but 
the combination occurred without alteration (Fig. 1). 


a 
o— & 
ia | | | 
0 30 60 90 120 
MINUTES. 
Fic. 1.— Dog, 2S kg., with liver and kidneys removed. At 0 m. 2S mg. phenol is 
injected in the jugular vein. 0 0, Total phenol in blood; © @, free phenol 
in blood: &- —--™, combined phenol in blood. 


The kidney is the organ which regulates the elimination but not 
the combination of the phenols. We have said that nephrectomy 
causes a rapid and progressive accumulation of phenols originated 
principally, if not totally, in the intestine. If 1 to 2.5 mg. per kg. 
body weight of phenol is injected into the venous circulation of a 
ecently nephrectomized dog, the phenol accumulates in the blood 
nd does not disappear, but combination occurs well. If the kidney 
‘injured by mercury bichlorid or uranilnitrate and there is anuria, 
‘vy almost anuria, the injected phenol remains in the blood and is not 
‘iminated, or eliminated very slowly (Marenzi, 1931, ¢). Total 
\tirpation of all the intestine or of the small intestine retards the 
combination, and the rise in phenol produced by the injection per- 
“ts longer. On the other hand, extirpation of the large intestine, 
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stomach or spleen does not retard the combination (Marenzi, 1051, 
c, 1933, d). 

The amount of phenol increases in the spleen, muscles, kidney, 
liver, ete., after injection of phenol into the blood stream. The 
kidney retains the phenols and later eliminates them (Marenzi, 
1933, ¢). 

To recapitulate: The phenols of the blood are due to absorption 
from the intestine of phenols produced by bacterial action, with a 
probable small quantity produced by endogenous metabolism. The 
blood is the site for their storage, although they accumulate to a lesser 
degree in the tissues. The kidney is the essential regulator of the pheno- 
lemia, as it eliminates the phenols. The combination of the phenols 
occurs in many parts of the body but especially in the small intestine, 
the liver not having any special réle in this process. 

Indoxylemia.* Jndoxyl. Vryptophane is the precursor of indol 
(Nencki, 1895; Hopkins and Cole, 1903). The intestinal bacteria 
transform it into skatol and indol, the presumed steps of this trans- 
formation taking place as seen in Table 2. Indol is absorbed and 
converted by the liver to indoxyl. The indoxyl accumulates almost 
exclusively in the blood. The kidney is the eliminating organ of the 
blood indoxyl and therefore the principal regulator of the indoxy|- 
emia. 


TaBLeE 2.—PrRopucTIoNn oF INDOL BY BACTERIA OR IN PUTREFACTION. 


Peters 
Maillard. Dakin. and Van Slyke. Rondoni. 
Tryptophane Tryptophane Tryptophane Tryptophane 


(deearboxilation) 


(deamination) indolethylamin indolethylamin 
indolpropionic acid — indolpropionic acid indolpropionic acid 
(decarboxilation) 
ethylindol | | 
| (deamination 
(terminal oxidation) | and oxidation | 
indolacetic acid indolacetic acid indolacetic acid indolacetie acid 


indolearbonic | 
| (descarboxilation) 


methylindol inethylindol methylindol methylindol 
(seatol) | 
indolearbonie acid | | 
| | (oxidation) | 4 
indol indol indol indol 


Indoxyl is isolated from the urine as indican, that is potassium 
indoxy] sulphate (indolsulphate or potassium, Dakin) and also may 
occur as indoxylglucuronic acid. Man eliminates per day 0.9 to 
36 mg. (Maillard), 10 to 20 mg. (Migliardi), 15 to 25 mg. (Laroche 


* We have published a complete study on this subject with bibliographic data, 
1935. The classic monograph by Maillard should also be seen, 
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and Poumeau-Delille) of indoxyl per day. It is diminished in fasting 
or on a milk diet and increased on a meat diet, also in intestinal 
putrefactions, of which it is an indicator, but not a quantitative one, 
and sometimes by constipation, ete. There is no indoxy! in the bile, 
sweat or cerebrospinal fluid, but it occurs in the blood. 
Indoxylogenous Bodies. Apart from indol, ortho-nitro-pheny| 
propiolic acid (Iloppe Seyler, 1882-1883, ete.) was the only known 
body capable of being transformed into indoxyl in mammals. Raper 
has shown that tyrosin can be transformed into indolic bodies in the 
larvee of Tenebrio. In our experiments with Deulofeu and Mazzocco 
(1934-1935) we were able to show that other bodies when injected 
into nephrectomized dogs, gave rise to indoxyl which accumulates 
in the blood. The average of the experiments with each substance 
figures in Table 3. 
(in INpican, Ma. 0/00) OF BLoop PLASMA OF NEPHREC- 


TOMIZED Dogs Receiving 10 Ma. per Kao. INTRAVENOUSLY 
or VARIOUS SUBSTANCES. 


Time after injection 


Drug 0 15 min. 30 min Lhr 2 hrs 4 hrs S hrs. 

Indol 114 10.48 13.72 19.40 28.20 37.00 46.00 
oO nitropheny!propiolic acid Q 3S 13.73 16 36 19.71 OO 
3-indolethylamin 1.23 8.54 9.94 11.16 12.96 20.29 
8-indolaldehyde 1 7.28 8.32 9 7S 10.00 

8-indolpiruvie acid 1 40 5.47 6.18 7.03 7.13 36.30 
o-nitrophenylacetaldehyde 1 40 2.72 2.66 3.76 6.42 9 56 
$-methylindol 26 1.42 5.2% 9 6S 
a-methylindol 1 00 2 46 2.65 3.62 460 6.49 
Tsatin 114 1 56 1 3.17 4 42 S55 
8-indolpropionie acid O 2 06 5.66 
upto phane OSS 1 44 1.15 1 SS 2 69 
a-indolearbonic acid 0 46 0.73 0.97 1.20 1.99 
3-indolearbonie acid O59 0.92 1.18 1 56 
(Control (no injection) 0 SO 1.18 1 5S 1.99 3.05* 


* The highest figure was 4.7%. 


It can be seen, according to the quantity of indol produced, that 
indol and ortho-nitro-phenyl-propiolic acid come first; 2d, indole- 
thylamin; 8rd, 8-indolaldehyde; 4th, 8-indolpiruvic acid and ortho- 
nitrophenyl-acetaldehyde; 5th, 3-methyl-indol and 6-methyl-indol, 
isatin; 6th, p-indol-propionic acid (hardly significant results). 
None of the following substances produce indol: tryptophane 
a-and 8-indocarbonic acids, tyrosin, ortho-nitro-cinnamic acid, ortho- 
uitro-phenyl piruvie acid, ortho-nitro-phenyl-acetic acid and nitro- 
benzaldehyde. 

We found there were three different physiologic mechanisms for 
‘he conversion into indoxy! (Fig. 2) which are: 

|. General, extrahepatic and extraintestinal: Ortho-nitro-pheny]- 
propiolic acid causes a large increase in indoxylemia, even in dogs 
vephrectomized or not) with extirpation of the liver or digestive 
ract. In spite of this the liver seems to be an important site for the 
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elaboration of indoxyl, because the indoxylemic curve rises slower 
during the elaboration in the hepatectomized dogs (Fig. 2). 

2. Principal and almost exclusive hepatic conversion: 
indol causes an insignificant rise in indoxylemia when the liver is 
extirpated, but the rise is rapid and large as is usual, when the diges- 
tive tract is extirpated (Figs. 2 and 3). 


Injection of 


Hours. 
in dogs injected 


Fic. 2.—Average values of curves of plasma indican (mg. 0/00 
in the jugular with 10 mg. per kg. of o-nitrophenylpropiolic acid, indolaldehyde, or 
T, Nephrectomized; D, kidneys and digestive tract removed; H, hepatec- 
o-nitrophenylpropiolic acid is converted into indoxyl 
Indolaldehyde and many 


indol. 
tomized and nephrectomized. 
even when liver and digestive tract have been removed. 


other bodies do not produce indol if the liver or the digestive tract are removed. 3 
Indol is converted into indoxyl when the digestive tract is missing, but not in the i 
absence of the liver. : 
4 

3. Conversion necessitating both liver and digestive tract: 3-indol- : 
aldehyde, o-nitropheny! acetaldehyde, 8-indolpiruvic acid, isatin, 


8-methylindol do not raise the indoxy] (or the rise is very slight) if 
the digestive tract or liver are extirpated (Fig. 2). It is probable 
that the digestive tract forms a precursor, which is probably indol 
(although with the technique employed we were unable to find this : 
body in the blood after the injection of isatin or nitrophenylacetalde- 
hyde which the liver converts into indoxyl). This mechanism is the 
most usual, occurring with all the substances except two. ‘ 

From these experiments it can be deduced, if the intermediate 
metabolism gives rise to the production of indoxyl (which is not 
clearly proved), that indolethylamin and indolpropionic, and indol- ; 
piruvic acids can be intermediate products, but not the indolcar- k 
bonic acids. 

Fate of the Indol. It is possible to measure ly (micro-gram) of 
indol in the blood (Mazzocco, 1935) extracting it with ether, by the 
red color which is obtained with para-dimethylamidobenzaldehyde 3 
in the presence of hydrochloric acid. We have been unable to Pe 
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demonstrate indol in the portal or arterial blood of the dog or in the 
venous human blood whether normal or pathologic, although Becher 
(1931) found it in the gravest cases of uremia and hepatic insuffi- 
ciency. 

Placed in the small intestine, it is rapidly absorbed and changed 
to indoxyl in the liver. Up to5 mg. 0 00 of indol can be found in the 
portal vein during 15 to 45 minutes, which does not pass to the 
suprahepatic veins unless the absorption is very great and even so 
the proportion is very much less (Houssay, Deulofeu and Mazzocco, 
1935). 

The indol injected into the blood disappears rapidly and cannot be 
traced with ordinary methods after 5 minutes (Olivet, 1929; Gaetani, 
1933). With more sensitive tests, injecting 10 mg. per kg., it can 
be measured during 30 to 45 minutes and faint traces found during 
2 to 4 hours (Garcia-Blanco and Vidal, 1933; Macchia, 1954; Maz- 


zocco, 1935). 
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Mig, 3. Average values of curves of plasma indican (continuous trace) and indol 


‘iscontinuous trace) in mg. o oo, in dogs injected intravenously with 10 mg. per kg. 
of indol. 7’, Nephrectomized; D, nephrectomized and digestive tract removed: 
1, nephreetomized and hepatectomized. 


_ The fixation of indol is accompanied by a rapid conversion into 
‘ndoxyl, which is almost the same even when the digestive tract is 
uissing, but which ceases if the liver is extirpated. In this case 
here isa large quantity of indol in the blood after 2 hours (Fig. 3). 
‘ontrary to indoxyl, which is accumulated almost exclusively in 
‘ie blood, indol is retained in the organs where it can be demon- 
trated (Mazzocco). A large part of the indol is destroyed, as 
‘00 mg. of indol in the blood does not produce more than 30 to 33 mg. 
! indican in the nephrectomized dog (Houssay, Deulofeu and 
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Mazzocco, 1935). If 50 mg. of indol is injected, 10 to 20 mg. of 
indican are eliminated in the urine, 7. ¢., 20 to 4067 (Olivet, 1929). 
A small quantity of indol is eliminated in the urine, bile (Macchia, 
Garcia-Blanco and Vidal) and saliva (Macchia). 

Origin of the Indoxylemia. Indol occurs in the intestine and is 
absorbed easily, being rapidly converted into indoxyl in the liver, 
as has been proved in the blood and urine of man and various ani- 
mals. Unfortunately with the actual methods of estimation, indol 
‘annot be demonstrated in the normal portal blood. 

The extirpation of the digestive tract does not modify the con- 
version of indol into indoxyl in the frog (Gautier and Hervieux, 
1907-1919) or in mammals (Iloussay, Deulofeu and Mazzocco, 
1934-1935) but the extirpation of the liver prevents this conversion 
(same authors) (Figs. 2 and 3). 

The origin of the indoxyl in the blood has been attributed vari- 
ously as intestinal, septic, metabolic and toxic. The intestinal 
origin is certain, indoxyluria is an indicator (but not a quantitative 
one) of intestinal putrefaction; also there is no indicanuria in the 
recently born or in guinea pigs kept aseptically, and it is less on a 
milk diet or during fasting but increases on meat diet, ete. 

Extirpation of the intestine diminishes and even causes the dis- 
appearance of the urinary indican (Becher, 1931; Billi, 1931-1982; 
Houssay, Mazzocco and Potick, 1954) but later it rises again, which 
is attributed to bacterial action in the duodenal stump (Billi, 
Heilmeyer and Pfotenhauer, 1933). Nevertheless we have observed 
this after extirpating the digestive tract from the cardia to the 
anus inclusive, draining the cardia and with drop drainage through 
an esophageal tube (Houssay, Mazzocco and Potick, 1934). 

The usual large increase of indicanemia occurring in dogs with 
extirpation of the kidneys does not take place when the digestive 
tract is extirpated (Becher, 1931; Billi, 1931-1932). We have 
observed a slight rise which does not occur when the liver as well 
is extirpated (Fig. 4). This may be due to a precursor (indol’) 
stored in the organs or perhaps to the intermediate metabolism. 
The three groups of investigations agree completely, that the origin 
of the indol is essentially intestinal. There has been described a 
rise in the indicanuria in certain septic foci (gangrenes, abscesses, 
etc.). A septic origin of indoxy! is possible but it has not been 
proved satisfactorily and much less so the metabolic and toxic 
origins (Maillard, 1913). 

Indoxylemia. Hervieux (1904) was the first to report indoxylemia. 
Several modern methods, all very similar have been devised for the 
estimation of indoxy] in the filtrate of serum precipitated by trichlor- 
acetic acid by means of Jolles reaction. We used the method 
indicated by Mazzocco (1934). Indican is not ultrafiltrable and i: 
not found in the red blood cells, the presence of hemoglobin iu 
serum or plasma makes its estimation impossible. 


> te 


j 4 


> 
x 
j 
% 
3 
| 


HOUSSAY: PHENOLEMIA AND INDOXYLEMIA 625 


The following figures have been obtained in normal human blood 
0.26 to O.S2 mg. per liter (Haas, 1915-1916-1917); 0.4 to 1.07 
(Rosenberg, 1916-1927); 0.16 to O.64 (Livierato and Simonetto, 
1930). The averages found in this Institute are 0.41 (Mazzocco), 
0.29 (Biassoti). 

It is abundant in the dog and varies considerably, from traces 
to 2, 4 and 5 mg. 0 00 in ISI estimations in this Institute (average 
| 0.68 mg. per liter). We regard as adequate for the experiments the 
figures obtained between 0.10 and 1.25 mg. per liter. 
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h hic. 4. Average values of indican (mg. 0/00) in plasma of dogs. R, Nephrecto- 
mized (10); R.J., nephrectomized, stomach and intestine removed (4); R.I.H., 
h vephrectomized, stomach and intestine removed, hepatectomized (4). Cardia 
3 rained and washed by continuous drop in the last two series. 
i Thyroid or hypophyseal insufficiency does not change the indica- 
nema. Indoxylemia is above all increased by renal diseases pro- 
4 ducing uremia. There is no rise innormal pregnancy. In our 1935 
| paper we summarize the principally known data and the work of 
} Van Slyke and Peters may also be consulted. 
; From the fact that the indoxyl found in the blood is not an essen- 
; tial product of intermediate metabolism but an exogenous com- 
’ 4 ponent, the quantity absorbed by the intestine is variable; there- 
: ore, the logical thing would be to explore the renal function by 
4 neans of a new test consisting in the injection of indoxyl into the 
| ins and observing its length of stay in the blood (for example, 
; (mations in series or at a given hour). The dose must of course 
4 Innocuous. 
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Regulation of Indoxylemia. The factors which can regulate the 
vdoxyvlemia are: 
|, The quantity of indol produced and absorbed in the intestine. 
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2, The conversion of the indol in indoxyl in the liver, and its 
destruction, which is important. 

3, Storage in the blood. 

4, Elimination by the kidney. 

The influence of the condition of the contents and of the mucosa 
of the intestine on indicanuria has been studied, but little work has 
been done on the effects of these factors on indicanemia. Laroche, 
Grigaut and Poumeau-Delille (1929), Laroche and Poumeau-Delille 
(1932), Laroche and Grigaut (1934) think the intestinal absorption 
has a large influence on the indicanuria because this rises during 
peptonic or anaphylactic shock, ete. 


Plasma 


Y 


mer 


Hours 


Fic. 5.—Average values of curves of plasma indican in dogs (mg. 0/00) injected 
intravenously with 2 mg. indican. 7, normal controls; D, stomach and intestine 
removed; H, hepatectomized; V, nephrectomized. 


The liver fixes, partially destroys and converts the indol into 
indoxyl. It is accepted that indicanuria cannot be a test of insuffi- 
cient hepatic .function (Maillard, 1913; Laroche and Poumeau- 
Delille, 1932). Only in the gravest forms of hepatic insufficiency 
is indolemia found without hyperindicanemia (Becher, 1933). 

The blood is the principal site for the retention of indican. The 
organs contain little (Olivet, 1929) or none (Becher, 1920-1921-1931 
or small inconstant amounts (Houssay, Mazzocco and Potick, 1954); 
although if the indicanemia is raised by nephrectomy or injection 
of indican, estimable amounts may be found (Becher and ourselves). 
Olivet considers that the liver and skin have a storage capacity 
but it must be noted that the amount contained in all the organ: 
is not more than one-tenth to one-seventh of that present in the 
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blood. Fifteen minutes after injecting indican we found high figures 
(1.4 to 1.6 mg. per liter) in the kidney, which fixes it for excretion. 

The injected indican passes into the urine (Iloppe Seyler, 1883). 
The elimination begins within a few minutes and is nearly complete 
in 24 hours, but the total elimination is not obtained until the second 
day. In dogs, injected with 2 mg. per kg. intravenously, it was 
sometimes impossible to recover all the dose injected (Houssay, 
Mazzocco and Potick, 1934). 

The elimination of indican from the blood is performed by the 
kidney, not by the liver or digestive tract (Hloussay, Mazzocco and 
Potick, 1934, b.) We injected series of chloralosed dogs with 2 mg. 
of indican in the jugular vein, which caused a large increase in the 
indoxylemia. In the controls (Fig. 5, 7) or those without stomach 
and intestines (2) or without liver (//) the indican disappeared 
from the blood, whereas in the nephrectomized animals (NV) there 
was only a slight initial decrease, the indoxylemia then remained 
high and began to rise slowly after 2 hours, probably due to the 
endogenous indoxyl. Thus the kidney is responsible for the elimina- 
tion of indoxyl; it takes it from the blood and rapidly gets rid of it. 
In the absence of the kidney injected indol remains in the blood. 
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CLINICAL OBSERVATIONS AT HIGH ALTITUDE.* 


OBSERVATIONS ON SIX HEALTHY PERSONS LIVING AT 17,500 FEET 
AND A REPORT OF ONE CASE OF CHRONIC MOUNTAIN SICKNESS. 


By Joun H. Tatsorr, M.D., 
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AND 


Bruce Dini, Pu.D., 


ASSISTANT PROFESSOR OF BIOLOGICAL CHEMISTRY, HARVARD UNIVERSITY, 
BOSTON, MASS. 


(From the Fatigue Laboratory, Harvard University, and the Medical Clinic of the 
Massachusetts General Hospital.) 


THE symptoms of acute mountain sickness associated with an 
ascent of several thousand feet are well known and readily recog- 
nized. These symptoms include headache, weakness, nausea, 


* The International High Altitude Expedition was supported by grants from: 
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We are also greatly indebted to the Chile Exploration Company of New York and 
Chuquicamata, Chile, and to its officers, to Sefiores Hipolito and Juan Carrasco of 
the S. I. A. M. Carrasco, to Messrs. Packard and Bell of the Poderosa Mining Com- 
pany, to the Ferro-Carril de Antofagasta a Bolivia, and to the many people, officials 
and private citizens, who facilitated our work in Chile. 
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vomiting and insomnia. Their usual duration is less than a week and 
their subsidence is assumed to be related to the phenomenon known 
as acclimatization. For most persons acclimatization to altitudes 
as high as 10,000 or 12,000 feet is possible and permanent residence 
may be accompanied by no other symptom than increased dyspnez 
on exertion. At these altitudes cities and towns have existed for 
generations in this country and in others without noticeable impair- 
ment of the general health of their inhabitants by the decreased 
oxygen pressure. Above 12,000 feet the number of permanent 
settlements decreases rapidly and beyond 14,500 feet there are very 
few accessible permanent colonies in the world. The maximum 
altitude at which it is possible for human beings to live for many 
months in a state of good health varies among individuals, but it is 
probably under 20,000 feet.! Studies on permanent residents living 
hetween 14,500 feet and 20,000 feet are few in number and have 
been confined to the dwellers on the plateaus in central Asia and in 
the Andes of South America. Notable among these studies are those 
by Monge? and Hurtado® concerning the physiologic and pathologic 
changes observed in men working in mines at altitudes as high as 
14,900 feet. The opportunity to extend these observations was 
afforded this past summer in northern Chile, where studies were 
conducted in permanent settlements situated as high as 17,500 feet. 
At this altitude 6 residents, as volunteer subjects, furnished the data 
which forms a portion of this communication. The remainder of 
the report is concerned with the discussion of a syndrome which has 
been designated as chronic mountain sickness. This syndrome was 
observed in a female patient who had lived for more than 20 years 
at an altitude of 15,400 feet and at the time of the examination was 
living at 12,000 feet. 

Chronic mountain sickness as a clinical entity was described first 
by Monge.4 Because of this fact the eponymic term Monge’s dis- 
case has been proposed recently.® This disease is not to be confused 
with acute mountain sickness, the symptoms of which persist for 
only a few days, or with “glacier lassitude’’® observed in persons 
residing temporarily at very high altitude. Chronic mountain 

ickness is observed in persons who are permanent residents at high 
altitude and by the accepted standards are acclimatized. This 
vcclimatization is relatively permanent and the shortest interval 
noted by Monge in any of his patients between arrival in the high- 
cuds and the onset of symptoms of chronic mountain sickness was 
’ years. In other patients the interval was as long as 20 years. 
‘he point may be stressed that this is a disease which occurs in 
cealthy persons acclimatized to low oxygen pressures. Among the 
presenting symptoms are headache, hoarseness, loss of appetite, 
cakness, paresthesias and transient spells of stupor or coma. 
i) physical examination cyanosis, pigmentation, generalized vaso- 
‘latation and hypotension are observed. The syndrome is char- 
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acterized by remissions following which each relapse is progressively 
more severe. When the disease develops at a given altitude, ascent 
to a higher one is associated with an exacerbation of symptoms, 
while descent to a lower altitude is associated with relative or com- 
plete alleviation. If the patient remains in the highlands death 
eventually results from hemorrhage, pulmonary thrombosis, bron- 
chial pneumonia or cardiac insufficiency. Descent to sea level is 
accompanied by complete alleviation of symptoms and in the 
patients followed to date cure has been permanent at this elevation. 

The analytic methods used in this study have been described pre- 
viously.7> In most instances arterial blood was drawn in the morn- 
ing before the day’s work had begun. The results are given in the 
table. The medical history and physical examination of each of the 
healthy residents at 17,500 feet are given below. 


Control Subjects. No. 1, Ca., a single man, aged 32, was examined 
July 11, 1935. He was born in the lowlands of southern Chile and came up 
to 17,500 feet 6 years before examination. On arrival he had headache and 
loss of appetite for 3 days. He had no symptoms of mountain sickness 
after that. His past history was essentially negative. He worked about 
7 hours a day at 19,000 feet and was reputed to be one of the best and 
hardest workers at this altitude. He spent about 1 week a year at sea level. 

Physical Examination. Pulse, 64; respiratory rate, 14; blood pressure, 
112/78. His general appearance was healthy. There was dusky cyanosis 
over the exposed parts of the body. The chest was emphysematous in 
contour. The left border of the heart was 2 cm. inside the nipple line. No 
murmurs were heard. The pulmonic second sound was equal in intensity 
to the aortic second. The diaphragm on either side was elevated on per- 
cussion and descended slightly on deep inspiration. No rales were heard 
in the lungs. The liver and spleen were not palpable. The knee jerks were 
hyperactive. There was slight clubbing of the fingers. 

No. 2, Tr., a single man, aged 29, was examined July 12, 1935. He was 
born in the lowlands of southern Chile and came up to 17,500 feet 9 years 
before examination. His past history was essentially negative. On arrival 
he had headache for 2 days. There were no symptoms of mountain sickness 
after that. His appetite was good and he felt as well as when he was at sea 
level. 

Physical Examination. Pulse, 72; respiratory rate, 18; blood pressure, 
108/98. There was dusky cyanosis over the exposed parts of the body. 
The eye grounds showed some dilatation of the veins but were otherwise 
normal. The chest was emphysematous in contour. The heart was not 
enlarged to percussion. The pulmonic second sound was reduplicated and 
louder than the aortic second. No murmurs were heard. The breathing 
was abdominal in type. The breath sounds were distant, but no rales were 
heard. The liver and spleen were not palpable. The knee jerks were 
hyperactive. There was slight clubbing of the fingers. 

No. 3, Al., a married man, aged 39, was examined July 4, 1935. He was 
born in the lowlands of Bolivia and came up to 17,500 feet 14 years before 
examination. On arrival he had headache and dizziness for 5 days. There 
were no symptoms of mountain sickness after that. His past history was 
essentially negative. He worked 6 hours a day at 19,000 feet, slept well 
at night and felt as fit as when he was at sea level. He had 4 living children. 

Physical Examination. Pulse, 44; respiratory rate, 16; blood pressure, 
118/74. There was dusky cyanosis over the exposed parts of the body. 
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The eye grounds showed some dilatation of the veins. The chest was 
emphysematous in contour. The heart was not enlarged to percussion, 
the rate was regular and no murmurs were heard. The pulmonic second 
sound was equal in intensity to the aortic second. No rdles were heard in 
the lungs. No abdominal organs were palpable. The deep reflexes were 
present. There was clubbing of the fingers. . 

No. 4, Fr., a single man, aged 35, was examined July 4, 1935. He was 
born in the lowlands of southern Chile and had not lived in the mountains 
until 2 vears before examination. On arrival at 17,500 feet he had headache 
and loss of appetite for 4 days. He denied any symptoms after that. His 
past history was essentially negative. His appetite was good and he felt 
as well as when he was at sea level. 

Physical Examination. Pulse, 62; repiratory rate, 22; blood pressure, 
182/108. There was dusky cyanosis over the exposed parts of the body. 
The eye grounds showed slight dilatation of the veins. The heart was not 
enlarged to percussion, the rate was regular and no murmurs were heard. 
The pulmonie second sound was greater than the aortic second. No rales 
were heard in the lungs. The liver and spleen were not palpable. The 
deep reflexes were present. There was no clubbing of the fingers. 

No. 5, Ba., a single man, aged 28, was examined July 12, 1935. He was 
born in the lowlands of southern Chile and came up to 17,500 feet 10 years 
before examination. After arrival he had headache for 3 days. He denied 
any symptoms of mountain sickness after that time. His past history was 
essentially negative. There was a loss of weight of about 10 pounds during 
the years after arrival. He worked 6 hours a day at 19,000 feet, slept well 
at night and felt as fit as when he was at sea level. 

Physical Examination. Pulse, 68; respiratory rate, 16; blood pressure, 
142 98. There was dusky cyanosis over the exposed parts of the body. 
The chest was emphysematous in contour. The heart was not enlarged 
to percussion, the rate was regular and no murmurs were heard. There 
was a reduplication of the pulmonic second sound which was greater than 
the aortic second. No rdles were heard in the lungs. No abdominal organs 
were palpable. The deep reflexes were present. There was slight clubbing 
of the fingers. 

No. 6, He., a married man, aged 36, was examined July 11, 1935. He 
was born in the lowlands of southern Chile and came up to 17,500 feet 7 
vears before examination. On his arrival he had headache and insomnia. 
ile denied any symptoms of mountain sickness after the first 4 days. His 
past history was essentially negative. His appetite was good and he felt 
is well as when he was at sea level. 

Physical Examination. Pulse, 76; respiratory rate, 19; blood pressure, 
1OS'S8S. There was dusky cyanosis over the exposed parts of the body. 
lhe eve grounds showed some dilatation of the veins. The chest was emphy- 
sematous in contour. The heart was not enlarged to percussion, the rate 
was regular and no murmurs were heard. The pulmonic second sound was 
equal to the aortic second. No rales were heard in the lungs. The liver 
ind spleen were not palpable. The deep reflexes were present. There was 

light clubbing of the fingers. 

Comment. The duration of residence (2 to 14 years) of the 6 
healthy workmen at 17,500 feet is sufficient to allow us to consider 
hem permanent inhabitants. Proceeding from this premise the 
characteristic changes in the constituents of the blood and in the 
‘nedical examinations are assumed to be related to the effects of 
sigh altitude. The unanimous admission of symptoms of acute 
‘mountain sickness in the first days after arrival at this altitude 
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suggests that their occurrence is no indication of the ability to 
become acclimatized to elevations as high as 17,500 feet. In all 
subjects the neck was palpated to detect any enlargement of the 
thyroid. Colloid goiter and hyperthyroidism are not unusual in 
residents above 14,000 feet, but were not observed in any of the 
workmen. Other significant points in the physical examinations 
were normal blood pressure, a normal respiratory rate at rest, an 
emphysematous-like contour to the chest and clubbing of the fingers. 
In no subject were rales heard at the lung bases or was the liver 
or spleen palpable. In 3 subjects the pulmonic second sound was 
accentuated and greater than the aortic second sound. The average 
pulse rate for the 6 men at rest was 64. In Subject 3 the pulse rate 
was 44 at rest. This was not associated with cardiac arrhythmia 
or other evidence of heart block. The absence of tachycardia at 
high altitude suggests that the tachycardia of cardiac decompensa- 
tion is not directly related to anoxemia. The emphysematous-like 
contour of the chest observed in most dwellers at high altitude is 
associated with an increased vital capacity.’ This is in contrast 
to pulmonary emphysema seen at sea level which is associated 
usually with a diminished vital capacity. In both conditions the 
alveolar sacs are dilated but in pulmonary emphysema the alveolar 
capillaries are partially obliterated while in emphysema at high 
altitude the alveolar capillaries are dilated. 

The data obtained from the eramination of the arterial blood show 
among other changes a large increase in the oxygen capacity, cell 
volume and red cell count. In 4 of the 6 subjects the oxygen capac- 
ity of the blood was above 30 vol. © and the cell volume above 72. 
The highest cell volume observed was 81.8°%. In this patient the 
blood was exceedingly viscous and it was drawn through a 19-gauge 
needle into an oiled syringe with great difficulty. The lowest satur- 
ation of arterial blood observed was 67.6°7, the highest was 84.6; 
and the average for the 6 men was 75%. In 10 temporary residents 
at the same time of year at this altitude the average saturation was 
76.2%." The absence of any difference between the arterial satura- 
tion in the temporary and the permanent residents suggests that 
permanent acclimatization is not associated with any significant 
change in this function of the blood. It may be assumed that an 
ascent to a given altitude is accompanied by a decreased oxygen 
saturation which remains relatively constant at rest as long as the 
subject remains at the same altitude. It is interesting that Subject 
5, for example, had lived more than ten years at 17,500 feet with an 
arterial oxygen saturation presumably about 70°, with no other 
symptom than increased dyspnea on exertion. The data for con- 
centration of hemoglobin in cells, a coefficient derived from the 
oxygen capacity of the blood and the cell volume and expressed in 
volumes per cent of oxygen combining capacity per liter of cells, 
are given in the table. 
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The average range for normal men at sea level is from 44 to 46 
vol. ©) per liter of cells. The average for the 6 subjects was 44.0. 
In the blood at sea level of patients with erythremia (polycythemia 
vera) the concentration of hemoglobin in the cells may be 25°; below 


this amount.’ 


EXPERIMENTAL OBSERVATIONS ON ARTERIAL BLoop, 


> ~ = = = = 
£ & 3 - 5 Fa 
rei = 135) = | 2% sé 
~ ~ ~ ~ = = 
Healthy subjects examined at 17,500 feet. 
(a 2 744.8 74.7 43.4 7.48 5.200 0.6 6 20 | 108.3 
$2.5 72.8 44.2 7.54 4,600 
Al 20.2 78.3 62.2 46.2 6.85 | 7,400) 3.4 | 134.0! 7.5 | 10.9 6.82 38.5 108.1 
hr 24.6 2.2 46.7 615 8300 0.4 7.1 | 10.1 6.47 3.3 | 2115.0 
Ba. 30.7 70.2 73.0 | 41.7 | 7.00 | 6500! ... | 134.5 8.2). 6.72 107.1 
He. 4.2 67.6 81.8 41.4 9.10 5,000)... 39.8 104.9 
Patient with chronic mountain sickness examined at 12,000 feet. 
lr. V. de G. 25.0 71.4 $5.0 45.0 7.37 2.2 185.9 4.1) 9.7 7.63 | 47.4 106.1 


* Venous blood 


The carbon dioxid content of arterial serum varied between 30 and 
1) vol. ©% for the 6 men. The pI of the arterial serum reflected a 
mild degree of acidosis. These constituents have been discussed 
by Dill’? for the temporary residents and will not be considered 
here. The serum concentration of potassium and chlorid were 
normal or above normal and the concentrations of sodium were 
below normal. The concentrations of protein and calcium were 
within normal limits. These observations are few and the varia- 
tions from normal are not large in most instances. There is an indi- 
cation, however, that the summation of the acids and bases are 
from 1 to 3 m.—Eq. per liter below the average for persons at sea 
level. The results of the examinations of the urine, which included 
albumin, sugar and sediment, were negative. 

It should be emphasized that the 6 subjects from whom these data 
were obtained were healthy workmen living at 17,500 feet, and 
accustomed to climb each day more than a thousand feet to an open 
sulphur mine where 6 to 8 hours of strenuous labor were performed 
() days a week. Employing these observations as controls, the 
pathologic syndrome infrequently observed following prolonged 
residence at high altitude will be considered. 


Case of Chronic Mountain Sickness. T.V. de G., a 58-year-old 
widowed housewife, was seen June 10, 1935, complaining of severe hoarse- 
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ness. She was born in Oruro, Bolivia, 12,000 feet above sea level and had 
lived most of her life in high altitude. She had 6 siblings, 5 of whom were 
well; 1 sister had symptoms similar to those of the patient. As a young 
girl the patient was healthy. Her catamenia began at the age of 16 and 
ceased at the age of 50. She was married at 25 and had been pregnant 
about 10 times. She had 3 children living and well. The others had died in 
infancy with coughs and colds. In 1905, at the age of 2S, she had a right- 
sided hemiplegia which lasted about 1 month but was followed by complete 
recovery. No further details were obtained regarding this episode. It 
occurred during her child-bearing vears and possibly was related to one of 
her pregnancies. The absence of evidence of valvular heart disease when 
she was examined in 1935 suggests that the hemiplegia was not the result 
of an embolus from a heart chamber or valve. In 1931, she had an acute 
attack of cholelithiasis and jaundice. This was treated medically and there 
was no recurrence of symptoms. Her past history was otherwise negative 
except for symptoms associated with residence at high altitude. 

At the age of 23 the patient went to live in Collahuasi, Chile, at an eleva- 
tion of 15,400 feet. She lived in or near this town for the next 20 vears. 
During the 15 years before examination she had lived at 12,000 feet, but 
frequently went up for short visits to 15,400 feet. 

The present illness began when she was about 40 and living at 15,400 feet. 
At that time she had a difficult delivery at childbirth which was accompanied 
by an excessive hemorrhage. Shortly after this event, mild occipital head- 
aches were noted which increased in severity up to the time of the examina- 
tion. The occipital headaches at first were associated with tinnitus, a 
symptom not present in recent vears. For over 10 vears she had black 
spots before her eyes in the evening and infrequently colored scotomata. 
Vertigo was present when she stooped over. The mucous membranes of 
her mouth were usually dry and she had infrequent pain below her eves 
which suggested to the examiner sinusitis. She had 1 to 3 sore throats a 
year. 

The chief complaint was hoarseness. In recent years this had been very 
severe and in the winter months had been accompanied by aphonia which 
persisted for as long as 3 weeks. For many years she had a slight cough 
but there were never any night sweats or blood-tinged sputum. There were 
no cardiac symptoms until 1935 at which time she had mild non-radiating 
precordial pain accompanied by palpitation. She never had any edema 
of her ankles. In recent years she had followed a peculiar dietary régime. 
In the morning her appetite had been good and she had eaten her heaviest 
meal shortly after arising. By noon she had mild anorexia and by 3 o'clock 
she had lost her appetite. She had had no nocturia. In the 4 years previous 
to the examination she had tingling of her fingers and toes and numbness 
and cramps of her extremities at night. In summary, her presenting symp- 
toms were occipital headache, spots before her eyes, hoarseness and aphonia, 
anorexia and tingling of her fingers and toes. When she went to a higher 


altitude several of the symptoms were aggravated and when she went to a° 


lower altitude they were diminished. She had not gone down to sea level 
since 1920. 

Physical Examination. Pulse, 78; respiratory rate, 20; blood pressure, 
80/60 and 78/60. There was cyanosis of her lips and nails and a diffuse 
pigmentation over the exposed parts of her body. The conjunctive were 
suffused. The veins of the fundi were engorged but no exudates or hemor- 
rhages were seen. The teeth were carious and the tonsils were large. The 
neck veins were full. The chest was barrel-shaped. There were occasional 
coarse rales at the lung bases which disappeared after coughing. The breath 
sounds over both sides of the chest were harsh. The breathing was upper 
thoracic in type. The heart was not enlarged to percussion. There was a 
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soft, non-transmitted systolic murmur at the apex. The pulmonic second 
sound was reduplicated and greater than the aortic second. The abdominal 
wall was relaxed. The liver and spleen were not felt. The knee jerks and 
ankle jerks were present and active. There was clubbing of the fingers and 
toes. There was no edema of the extremities. She appeared to be stable 
emotionally and was not suffering from a psychosis or neurosis. 


Chronic mountain sickness is a little known entity in North Amer- 
ica and no patients with this svndrome have been described in the 
United States. In addition to the 1 patient presented above, there- 
fore, it seems desirable to include brief records of 3 of Monge’s 
patients.'' These patients were Peruvians and had acquired chronic 
mountain sickness in the Peruvian Andes. 


Patient M. N., a married engineer, aged 38, was seen in 1923 complaining 
of pigmentation of his skin and a diminution in capacity for work. Born 
at sea level, he made his first climb to 11,500 feet in 1906. He had severe 
symptoms of acute mountain sickness at that time and was compelled to 
return to sea level after afew days. In 1909 he went to 14,000 feet and be- 
came acclimatized. On one oceasion 2 years later he had transient paresthe- 
sias In his extremities and made several errors in a series of mathematical 
calculations. These disturbances disappeared in a few hours and returned 
about once a year during the next 2 vears. In 1913, he went down to sea 
level because of the tingling in his extremities and was relieved shortly 
after the descent. Four months later he returned to 14,000 feet and worked 
satisfactorily for the next S vears at this altitude. In 1922, he sought 
medical advice because of a purple face, congestion of his conjunctive and 
pharynx, vertigo and transient amblyopia. He returned to sea level and 
was promptly relieved. 

Physical Examination. When seen in 1923 his skin was deeply pigmented 
and the mucous membranes were purple. The conjunctive were suffused. 
There was generalized dilatation of the superficial veins. The contour of 
the chest was not remarkable. The heart and lungs were normal. 

Partial Laboratory Data, Venous blood. R. B. C., 8.80 million per ¢.mm. 
W. B.C., 10,000 per c.mm.; Wassermann reaction, negative; non-protein- 
nitrogen, 30 mg. per 100 cc. Urinalysis. Albumin, absent; sugar, absent; 
sediment, normal. 

Course. In 1924, he was treated for pneumonia at sea level and made a 
satisfactory recovery. Sometime later he went up to 8,200 feet and lived 
‘here for the next 5 vears without any inconvenience. 

Patient M.L. B., a married laborer, aged 48, was seen in 1926 complaining 
of headache, dizziness and weakness. Born at sea level, he went up to 15,400 
‘eet at the age of 12 where he lived and worked without symptoms until 
the age of 36. At that time he had shooting pain in his extremities which 
ersisted for several months. He continued working for the next 4 years 
‘ntil he was compelled to go to bed because of the pain. At this time he 
‘hought that his purple color was deepening in intensity and he suffered 
rom severe headache, vertigo and visual cloudiness. In 1924, he went 

wn to 8,200 feet, remained there for several months and felt much better. 
\ hen he returned to 15,400 feet all of his symptoms reappeared. 

Physical Examination, When seen in 1926 the skin was deeply pig- 
nented and the mucous membranes were purple. There was generalized 

sodilatation. The conjunctive were suffused. The thorax was emphy- 

matous in contour and the respiratory movements were limited. The 
eart was normal. The tip of the spleen was palpable, There was clubbing 
i the fingers. 
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Partial Laboratory Data. Venous blood. R. B. C., 8.90 million per 
e.mm.; W. B. C., 11,200 per ¢.mm. Urinalysis. Albumin, absent; sugar, 
absent; sediment, normal. 

Course. As long as he remained at sea level his only symptom was weak- 
ness. In 1927, he ascended to 12,100 feet at which altitude he had headache, 
pains in his extremities and visual cloudiness. Shortly after that he went 
to 14,800 feet and was able to perform light work without discomfort. 
Four months later he had precordial pain, substernal oppression and abdom- 
inal distress. His headaches were very severe and he had marked asthenia. 
Late in 1927 he became stuporous and was taken down to sea level. On ex- 
amination at that time he had pulmonary edema. At sea level recovery 
Was prompt and he went to work at that elevation. In 1928 against advice 
he returned to the mountains and shortly after complained of headache and 
vertigo. That night he lapsed into coma and was taken down to sea level. 
His pulse was SO, his blood pressure 90/40 and his respiratory rate 20. He 
recovered in 48 hours and 1 week later went to work at sea level where he 
continued without symptoms during the years following. 


ComMeNtT. Chronic mountain sickness may occur in either sex 
in the fourth, fifth or sixth decade of life. The onset of symptoms 
may be from 2 to 20 years after arrival in the highlands."® These 
symptoms include headache, hoarseness, anorexia, weakness and 
pains in the extremities. They are observed in persons previously 
in good health and presumably adequately acclimatized. The head- 
ache is occipital in location and does not radiate. It is unlike the 
headache of acute mountain sickness which is localized to the vertex 
and most severe. If the headache of chronic mountain sickness is 
accompanied by vertigo and spots before the eves, chronic nephritis 
may be suspected. Hoarseness may be intermittently severe and 
frequently progresses to transient aphonia. A brassy, non-produc- 
tive cough may accompany the laryngitis. Dyspnea on exertion 
may be the only cardiac complaint. Precordial pain, palpitation and 
tachycardia are observed during acute exacerbations only. The 
anorexia of chronic mountain sickness is unusual and characteristic. 
Following a night’s rest the morning appetite is good and a sub- 
stantial breakfast may be the largest meal of the day. After the 
patient is up and about the appetite diminishes and by noon no 
more than a light lunch is ingested. By mid-afternoon the anorexia 
may be complete and little or no food is taken during the remainder 
of the day. There may be alternate periods of constipation and 
diarrhea. There are no characteristic urinary complaints. ‘Tingling, 
numbness and cramps of the extremities are observed frequently. 
In spite of the number and severity of the symptoms, most patients 
are ambylatory and during an acute crisis only are they stuporous 
or comatose. 

On physical examination the dusky cyanosis and pigmentation 
of the exposed parts are similar to those observed in most residents 
at high altitude. The dilatation of the superficial veins and the 
suffusion of the conjunctive suggest erythremia. In the patient 
seen by us the veins of the fundi were dilated but no hemorrhages 
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or exudates were seen. Inspection of the mouth and throat shows 
no abnormality other than a thick tongue and prominent pharyn- 
geal veins. The chest is emphysematous in contour, a characteristic 
of dwellers at high altitude. The diaphragmatic movements are 
decreased and breathing is usually abdominal or lower thoracic in 
type. During a remission the heart is not enlarged to percussion 
and there are no murmurs indicative of valvular heart disease or 
cardiac dilatation. The pulmonic second sound is louder than the 
aortic second and is reduplicated. Hypotension is usually observed 
and when accompanied by weakness and pigmentation of the skin, 
Addison's disease may be suspected. In Monge’s series''! spleno- 
megaly and hepatomegaly were observed in only 107 of the patients. 
In patients in whom the spleen is enlarged this enlargement is 
slight and does not reach the size observed in patients with ery- 
thremia. There is usually clubbing of the fingers. In our patient 
no characteristic changes from the normal were observed in the 
neurologic examination. 

The laboratory data are not unlike those obtained from asymptom- 
atic subjects living in the mountains. The oxygen capacity at one 
examination in the patient T. V. de G. was 25.0 vol. ©;. The 
average for 10 temporary residents at the same altitude? was 25.1 
vol. ©. The concentration of hemoglobin per liter of cells was 
unchanged from that observed in normals at sea level. The higher 
oxygen capacity of the blood of the control subjects living at 17,500 
feet is related to the higher altitude at which they were studied. 
In chronic mountain sickness the red cell count may increase as the 
disease progresses but there is no direct correlation between the 
increased concentration of cells and the severity of the disease." 
The amount of oxygen carried per ce. of arterial blood may be no 
greater than that carried at sea level but the oxygen tension is 
reduced. The carbon dioxid content of the arterial blood was above 
the concentration observed for the temporary residents at that 
altitude. The concentration of the other electrolytes in the serum 
showed nothing remarkable. The white cell count rarely exceeds 
10,000 per emm. The results of the examination of the urine were 
negative. 

The differential diagnosis between chronic mountain sickness and 
the diseases with which it may be confused must be broadly quali- 
ied. Chronic mountain sickness is a disease of high altitude and 

ditions similar to it are seen generally at or near sea level. There- 
‘ore, in the differential diagnosis chronic mountain sickness as 

bserved above 10,000 feet will be compared with certain patho- 
‘ogic conditions as observed at sea level. It will be obvious that 
‘many of the diseases discussed are associated with severe disturb- 
snees of the cardiorespiratory system which prevent an afflicted 
erson from going into regions of decreased oxygen tension. Such 
‘condition is pulmonary endarteritis obliterans (Ayerza’s disease). 
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In the terminal stage" this may be accompanied by headache, dizzi- 
ness, deep cyanosis, clubbed fingers, reduplication of the pulmonic 
second sound, emphysema and polycythemia. In excluding this 
disease, the altitude at which the patient is examined is important. 
It is doubtful if a person with a degree of pulmonary endarteritis 
severe enough to produce these symptoms could live above 10,000 
feet. A differential point in the laboratory data is the carbon dioxid 
content of arterial blood. In blood from a patient with the latter 
disease an increased carbon dioxid content is observed, while the 
blood from a patient in the highlands with chronic mountain sick- 
ness has a diminished carbon dioxid content. 

Congenital heart disease of the cyanotic type (morbus caeruleus), 
although infrequently seen, has many of the symptoms mentioned 
above in the several combinations. Again most patients with such 
a malady neither live to adulthood nor are they able to live above 
10,000 feet and become acclimatized. The syndrome described by 
Fallot offers a possible exception to this statement. Persons with 
this condition may, live longer than three decades'* and may ascend 
to altitudes of several thousand feet. With the latter condition dis- 
turbances of vision, headache, dizziness, paresthesids and hypo- 
tension are not unusual. The important differential details are the 
history, the physical examination of the heart and the electrocardio- 
gram, Which in most cases of the morbus caeruleus shows marked 
right axis deviation. 

Acquired heart disease is easier to exclude. A history of rheuma- 
tic fever in young people, syphilis in patients in the middle decades 
and symptoms of hypertensive or arteriosclerotic heart disease in 
the older age groups are useful. A deep cyanosis is observed infre- 
quently in acquired heart disease except with a failing heart while 
cyanosis is characteristic of chronic mountain sickness without 
decompensation. 

Chronic nephritis may be suspected when a patient has headache, 
spots before the eyes, anorexia and weakness. The hypotension, 
absence of anemia and edema, and the presence of cyanosis with 
the normal urinary findings are helpful in excluding this condition. 

The greatest opportunity for confusion exists when erythremia 
(polycythemia vera) is suspected. This is especially so if one com- 
pares the latter as observed at sea level with chronic mountain 
sickness as observed above 12,000 feet. But even with this qualifi- 
‘ation the two diseases may be distinguished readily. In erythremia 
hypotension is rarely observed and more than 50% of the patients 
have hypertension.'!® Splenomegaly and hepatomegaly are found 
in a large percentage of patients with erythremia'é and in a minority 
of patients with chronic mountain sickness. Laboratory studies 
are of further aid. At sea level erythremia is not accompanied by 
decreased saturation of arterial blood,'7'* although the appearance 
of the patient suggests the presence of cyanosis. Many patients 
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with this condition have either a leukocytosis or a leukemic blood 
picture.'* A normal concentration of white blood cells is found in 
patients with chronic mountain sickness. These conditions may be 
further differentiated by their response to increased oxygen pressure. 
Patients with erythremia have shown neither symptomatic improve- 
ment nor a decreased oxygen capacity of the blood following oxygen 
therapy for as long a period as 2 weeks.” On the other hand prompt 
alleviation of symptoms following descent to a lower altitude is 
characteristic of chronic mountain sickness. Accompanying this 
improvement there is a decrease in the red cell count and the oxygen 
capacity of the blood. The depth of the descent necessary to cause 
improvement is a function of the severity of the disease. In patients 
with mild symptoms alleviation may follow a descent of only a few 
thousand feet while in others it is necessary to go down to sea level 
for relief. 

The pathogenesis of chronic mountain sickness is not known. The 
high concentration of circulating hemoglobin in these patients 
attracts one’s interest but this is probably a physiological response. 
All of the normal subjects discussed in this study had an increased 
concentration of red blood cells and an elevation of the oxygen 
capacity of the blood but did not have symptoms which are thought 
to be pathognomonic of this disease. It is significant that 3 of the 
workmen lived for more than 12 years above 17,000 feet with an 
oxygen capacity of the blood presumably above 29 vol. ©. The 
frequent occurrence of an increase in hemoglobin in the blood of 
residents at high altitude suggests that this increase per se is not 
responsible for the symptoms infrequently observed. Associated 
with the increase in hemoglobin is the decreased saturation of arterial 
blood. We can assume with moderate certainty that individuals 
may live for more than 10 years with an arterial saturation of oxygen 
below 80°7 meanwhile enjoying good health. Beyond this we have 
little information. It is possible that 20 or 30 years of an unsatura- 
tion of arterial blood of this degree may produce pathologic changes 
in the body. There is little evidence that anyone is immune to 
chronic mountain sickness provided he lives at a sufficiently high 
altitude for a sufficiently long time. The general effect of prolonged 
anoxemia upon a healthy individual at sea level is not known. The 
effect of prolonged anoxemia upon the concentration of hemoglobin 
per liter of cells in a patient with congenital heart disease is worth 
noting. Hitzenberger*! reported an oxygen capacity of the blood 
of 35.2 vol. ©% and a cell volume of 759% in a 26-year-old patient 
who had been cyanotic from birth. The oxygen saturation of the 
arterial blood was 62°. The absolute increase in circulating hemo- 
globin with a normal concentration of hemoglobin per liter of cells 
is a response similar to that observed at high altitude. The calcu- 
lated oxygen tension in the tissues in this patient was 30 mm. Hg., 
approximately half that observed in a normal control. 
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As an explanation of the pathogenesis of chronic mountain sick- 
ness Monge has stressed the fact that there may be a low coefficient 
of diffusion of oxygen in the lungs of affected persons. Harrop” 
observed that in acute mountain sickness a low coefficient was 
characteristic. Whether or not a similar phenomenon may be 
observed in chronic mountain sickness is not known. If this were 
the correct explanation it would account for the varying suscep- 
tibility of individuals. It fails, however, to account for the long 
interval between arrival in the mountains and the onset of symp- 
toms and for the prompt relief afforded by a descent of a few thous- 
and feet. 

The dilatation of the veins of the pharynx and the stomach are 
responsible probably for the symptoms of hoarseness and anorexia 
respectively. The hypotension is presumably a function of the 
generalized vasodilatation. 

Another biologic factor which may exert an influence at high 
altitude is radiation. The peculiarity of its etfect proceeds essentially 
from the abundance of ultra-violet rays. The known effect of these 
rays on the skin are erythema, pigmentation and inflammation. 
It is possible that prolonged exposure exerts a pathologic effect 
on the internal organs as well. 

The treatment of chronic mountain sickness is the descent to a 
lower altitude. Acute exacerbations may be relieved temporarily 
by oxygen inhalation. When permanent residence is taken up at a 
lower altitude symptoms are alleviated for months or years. At 
sea level the cure is presumably permanent. Monge observed | 
patient without symptoms during a 10-year period at sea level. 

Conclusions. ‘The justification for presenting the syndrome of 
chronic mountain sickness as a disease entity is twofold. The 
environment, symptomatology, physical examination and laboratory 
data are distinct and in their totality are unlike any other disease. 
Secondly, the syndrome represents more than the physiologic 
response to high altitude. The disease is associated with prolonged 
anoxemia but the réle that this plays in the pathogenesis is uncertain. 
A low coefficient of diffusion of oxygen has been proposed as the 
etiologic agent but this is not proven. The disease is similar in 
many respects to erythremia but certain fundamental differences 
have been pointed out. Chronic mountain sickness is a progressive 
disease which manifests a remarkable recovery under increased 
oxygen pressure. 

We are grateful to Dr. P. D. White for many helpful suggestions in the preparation 


of the manuscript. 
REFERENCES. 


1. Campbell, J. A.: Further Evidence that Mammals Cannot Acclimatize to 
10 Per Cent Oxygen or 20,000 Feet Altitude, Brit. J. Exp. Path., 16, 39, 1935. 
2. Monge, C., Encinas, E., Cervelli, M., Pesce, H., and Villagarcia, V.:  Fisio- 


logica Andina, An. de la fac. cien. med., 17, 1, 1935. 


3 
& 
4 
A, 


NOBLE, CHEN: THEVETIN IN THYROTOXICOSIS 639 


3. Hurtado, A.: Studies at High Altitudes. Blood Observations on the Indian 
Natives of the Peruvian Andes, Am. J. Physiol., 100, 487, 1932. 

4. Monge, C.: Sobre un caso de Enfermedad de Vaquez. (Sindrome eritremico 
de altura), Comm. pres. a la Acad. nac. de med., Lima, 1925. 

5. Barron, BE, 8. G.: Personal communication. 

6. Noel, J. B.: The Story of Everest, Little, Brown & Co., Boston, 1927. 

7. Talbott, J. H.: Morphology and Oxygen Combining Capacity of the Blood 
at High Altitude, Fol. haematol. (in press). 

s. Talbott, J. H., Jacobson, B. M., and Oberg, 8. A.: The Electrolyte Balance 
in Acute Gout, J. Clin. Invest., 14, 411, 1935. 

9. Hurtado, A.: Respiratory Adaptation in the Indian Natives of the Peruvian 
Andes, Am. J. Phys. Anthrop., 17, 137, 1932. 

10. Dill, D. B., Christensen, E. H., and Edwards, H. T.: Unpublished observa- 
tions. 

11. Monge, C.: Les érythremies de l’altitude, Masson et Cie, Paris, 1929. 

12. Monge, C.: La enfermedad de los Andes. Sindromes eritremicos, An. fac. de 
la cien. med., 10, 1, 102s. 

13. Brenner, O.: Pathology of the Vessels of the Pulmonary Circulation, Arch, 
Int. Med., 56, 976, 1935. 

14. White, P. D., and Sprague, H. B.: Tetralogy of Fallot. Report of a Case 
in a Noted Musician Who Lived to His sixtieth Year, J. Am. Med. Assn., 92, 787, 
1024, 


15. Lueas, W. S.:) Erythremia, or Polyeythemia with Chronic Cyanosis and 
Splenomegaly, Arch. Int. Med., 10, 597, 1912 

16. Osler, Wo: Chronie Cyanosis, with Polyeythemia and Enlarged Spleen. A 
New Clinical Entity, Am. J. Mep. Ser., 153, 187, 1903. 

17. Hitzenberger, K.: Die Sauerstoffsiittigung des arteriellen Blutes bei Poly- 
eythiimien, Ztsehr. f. klin. Med., 126, 495, 1934. 

IS. Harrop, G. A., Jr., and Heath, BE. H.: Pulmonary Gas Diffusion in Polyey- 


themia Vera, J. Clin. Invest., 4, 53, 1927. 

19. Daniels, L. P., and v. Buchem, F. 8. P.: Ueber einem Fall von Polycythiimia 
Vera, welche in eine myeloidsche Leukimie iiberging, Klin. Wehnschr., 7, 121, 1928. 

20. Barach, A. L., and MeAlpin, K. R.: Negative Results of Oxygen Therapy in 
Polyeythemia Vera, Am. J. Mep. Scr., 185, 178, 1933. 

21. Hitzenberger, K., and Tuckfeld, F.: Physikalisch-chemische Verhiltnisse des 
Blutes bei symptomatischer Polyglobulie, Ztschr. f. klin. Med., 113, 576, 1930. 

22. Harrop, G. A., Jr.: The Relation of the Diffusion Constant to Mountain 
Sickness, Proc. Soc. Exp. Biol. and Med., 19, 279, 1922. 


THEVETIN IN THYROTOXICOSIS. 
By Thomas B. Nosie, Jr., M.D., 


VISITING SURGEON, ST, VINCENT AND METHODIST HOSPITALS; CONSULTING STAFF, 
CITY HOSPITAL, 
AND 
K. Cuen, Pu.D., M.D., 
DIRECTOR OF PHARMACOLOGIC RESEARCH, LILLY RESEARCH LABORATORIES, 
INDIANAPOLIS, IND, 

TACHYCARDIA is one of the cardinal signs of hyperthyroidism. 
The pulse rate in these cases remains fast even in hours of sleep,' 
and the acceleration appears to correlate with the elevation of meta- 
bolic rate Digitalis is useless in thyrotoxie tachycardia unless 
there is an accompaniment of cardiac failure.*° —Todin preparations 
such as Lugol’s solution often reduce both the metabolic and the 
pulse rates,® but occasionally the lowering of the metabolic rate 
is not coupled with a decrease in pulse rate. The persistent fast 
rate thus constitutes a surgical risk which cannot be readily minim- 
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ized. In their first clinical report, Arnold, Middleton, and Chen? 
included the results with thevetin in a case of thyrotoxic heart 
disease. The new cardiac drug, given by mouth, adequately con- 
trolled the signs of decompensation. In view of the fact that a 
physiologic unit of thevetin appears to be more efficient than an 
equivalent unit of digitalis in slowing the pulse rate,* it was thought 
it might be of interest to try it in thyrotoxicosis with the chief aim 
of reducing the pulse rate. 


Fic. 1.—Action of Thevetin in Experimental Hyperthyroidism, Cat 1388, male, 
weight 2.898 kg., was given by mouth 5 doses of desiccated thyroid gland, U. 5. P., 
60 mg. per kg. in a week’s time. A 1 to 20,000 solution of thevetin was then injected 
intravenously at the rate of 1 ce. per minute. Electrocardiograms were taken from 
Lead II under ether anesthesia, before and after the thyroid medication and during 
the injection of thevetin. A, Normal electrocardiogram. Sinus rate, 173 per minute; 
P-R 0.09 second. B, Electrocardiogram after thyroid therapy. Sinus rate, 240 per 
minute, an increase of 67 beats over the normal. P-R 0.08 second. C, Electrocardio- 
gram after 0.44 mg. of thevetin per kg. had been injected. Sinus rate, 168 per minute, 
a decrease of 72 beats. P-R was prolonged to 0.19 second. D, Electrocardiogram 
after 0.47 mg. of thevetin per kg. had been administered. Notice the premature 
beats. Auricular rate, 165 per minute; ventricular rate irregular, approximately 
120 per minute, a reduction of 50°). 


Before this point was put to test clinically, experiments were 
carried out in cats in which hyperthyroidism was induced by feeding 
desiccated thyroid gland. When tachycardia became significant, 
thevetin was slowly injected under ether anesthesia. An example 
of the results is given in Fig. 1. It should be noted that thevetin 
effectively produced a diminution of the heart rate. 

A series of 22 consecutive cases of hyperthyroidism was then 
studied with thevetin. As shown in Table 1, 16 patients were 
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TABLE 1. 


Pulse at 
first visit, 
per mun 


No sex Age 


l M 23 100 


2 87 | 120-130 
2 F 39 120 
i F | 25 100 
5 F 25 120 
6 F | 23 120 
7 F 56 O68 
s F | 32 120 


M 25 110-120 


10 F 30 140 


il M 53 100 


i2 F | 34 104 


13 F 85 140 


14 37 LOS 
15 60 SS 
16 54 150 


IS F | 25 120 
19 r 35 105 
20 F 38 120 


21 M | 22 120 
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Thevetin therapy 


Time 
relative to 
operation 


Immediately 


before 


Immediately 


before 


Immediately 


before 
After 


Before 


Immediately 


before 


Immediately 


bef« re 
Before 


Immediately 
bef« re 
Before 


Immediately 


before 
After 


Immediately 


before 
After 


Immediately 


before 


Immediately 


before 
After 


Immediately 


before 
After 
After 


Immediately 


before 


Immediately 


before 
After 
After 


Before 


Immediately 
before 


Immediately 


before 
After 


Dose, 
eat 
units 


3 every 
other day 


semiweekly 

for 6 wks. 
3 

every 4 hrs. 


* The patient died 6 days after operation. 


+ Treated at home. 
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Average pulse rate 


Before 


thevetin, 


per tin 


120 


110 


120 


120 


120 
100 


130 


120 


124-1 


10S 
140 
130 
112 


30 


After 
theve tin, 
per min 


OS 


90 100 


SZOSS 


SO 


100 
Below 
100 


120-130 


10S 
SS 


90-100 


90-100 


72-108 


62-92 


SU 


90-130 
100 
or less 
100-110 
100 
112-114 


96 


At the 
time ot 
discharge, 
per min 


sv) 
Below 
100 
sO 
Below 90 
76 


70-80 


110-100 


90 
or below 
sO 


sO 
SO-100 


SO 


SO-SG6 
Below 
100 


72-80 


96 


|| 
4 = 72 
3 [| = 72-80 
3 
3 
3 
= 
3 
3 = 
3 = 
|| 3 
6 120 = 
3 110 72-80 
6 150 150 * 
17 F | 45 DY 3 100 132 
160 || 
3 120-1 ; 
| 
22M | 35 || 3 112 = = 
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female, and 6 male. Their ages ranged from 22 to 60. The financial 
status of the majority of the patients was such that only a short 
period of hospitalization was permitted. As a rule, they were 
advised to go to bed as soon as the diagnosis was established. 
Lugol’s solution was administered in the dosage of 10 to 15 drops 
3 times a day. They remained in bed for | to 2 weeks or longer, 
until they were cautiously transferred to the hospital. Metabolic 
rate was measured in a few patients who could easily stand the 
strain, but omitted in others who were comparatiyely more irritable. 
In every case, thyroidectomy was performed | to 12, on the average 
4, days after admission. With the exception of 2, 20 patients were 
discharged from the hospital 6 to 11 days after the operation. 
Thevetin was injected by vein usually immediately before the incis- 
ion, but occasionally during the pre-operative or postoperative 
stages. The pulse rate was counted frequently, both before and 
after the injections. The oral route of administering thevetin was 
tried in a few cases but was abandoned on account of its absence of 
response in the amounts employed. 

The results in Table | indicate that in 18 cases thevetin caused 
a definite drop of pulse rate, varying from 10 to 52 per minute. 
This diminution, which appeared a few minutes after the injection, 
was particularly gratifying to the surgeon and the anesthetist during 
the operation, for in several patients prolonged anesthesia, extensive 
manipulation, and considerable loss of blood did not bring about an 
acceleration of the heart rate. The pulse reduction persisted in half 
of the cases, but in the other half, there was a return of tachycardia 
several hours after the operation. Repetition of thevetin therapy in 
the latter, however, assisted in restoring a rate well below the arbi- 
trarily chosen limit of 100. The administration of thevetin in the 
pre-operative stage was also followed by a drop in the heart rate, 
but tachycardia often began to return 5 to 6 hours after the injection, 
so that repeated doses were necessary in order to subdue the cardiac 
activity continuously. The most beneficial effect of thevetin was 
undoubtedly obtained during thyroidectomy by reducing the sur- 
gical risk of cardiac mishap. The reduction in heart rate with 6 to 9 
cat units of thevetin was relatively greater than that with 5 cat 
units, although occasional extrasystoles were observed with the 
larger doses. No accumulative effect had been noted from even 
larger doses. 

For illustration of the successive use of thevetin the following 
case may be briefly cited: 


Case 13.—Mrs. D., aged 35, complained of nervousness and restlessness. 
Her family and past history was unimportant. On examination on June 6, 
1935, she showed fine tremor of hands, exophthalmos, and moderate en- 
largement of the thyroid gland. Her pulse was 140 per minute. The diag- 
nosis of exophthalmic goiter was obvious. She was advised to go to bed 
at once and remain there. Lugol’s solution was prescribed, 15 drops 3 
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times a day. On June 1S, 1935, she was admitted to St. Vincent Hospital, 
at which time her pulse rate was the same, that is, 140 per minute. On 
June 22, 1935, the patient was taken quietly to the operating room. Her 
pulse rate then was 132 per minute. Following an intravenous injection 
of 6 cat units of thevetin, it dropped to 108. Under ethylene anesthesia, 
the right lobe, isthmus, and part of the left lobe of the thyroid gland were 
removed. There was a gradual reduction in the heart rate. It was SO per 
minute 3 hours, and 72 per minute 6 hours, after the operation. At the 
end of 24 hours, it rose to 100, but upon the administration of 3 cat units 
of thevetin, it fell to 92. Twelve hours later, an additional dose of thevetin 
was Injected. Forty-eight hours after the operation, the pulse rate was 
found to be 62 with occasional extrasystoles. No more thevetin was given. 
The patient was discharged on June 28, 1935, with a pulse rate within SO 
per minute. One month after the operation, her pulse rate was 100 per 
minute; 7 months after, it was found to be SO per minute. Her nervous 
symptoms and exophthalmos had completely disappeared, and she had 
gained 10 pounds in weight. 


One patient (Case 8) had symptoms and signs of heart failure, 
such as, edema, dyspnea, ete. The administration of thevetin 
promptly brought about relief during the pre-operative period. 
The high efficacy of thevetin as a cardiac drug should be specially 
indicated in hyperthyroidism with myocardial damage. Similarly, 
it should be tried in auricular fibrillation complicating thyrotoxicosis. 

The response of 2 cases (Nos. 9 and 16) to conservative doses of 
thevetin was very slight or nil during the operation, 1 of which 
(Case 16) was in a highly toxic state, the pulse rate ran constantly 
at 150 per minute. This patient died of postoperative crisis. In 2 
other cases (Nos. 17 and 21) thevetin failed to forestall the accelera- 
tion of heart rate at operation, although a dose of 6 cat units in 
| case (No. 17) produced a drop of pulse rate postoperatively. 

Summary. ‘Thevetin injected intravenously in the dosage of 3 to 
% cat units, successfully diminished the heart rate in 18 out of 22 
cases of thyrotoxicosis, but failed in the remaining 4. 

The drug is most useful during the operation for the reduction 
of surgical risk by subduing the operative cardiac hyperactivity, 
and it is also helpful during the pre- and postoperative stages in 
lowering the pulse rate temporarily as desired. Consequently, 
hospitalization can be satisfactorily shortened by the elimination 
or reduction of tachycardia during pre- and postoperative stages. 

In the presence of cardiac failure accompanying hyperthyroidism, 
the administration of thevetin is an important pre-operative meas- 
ure and for postoperative safety. 
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NOTE ON THE USE OF EVIPAL (N-METHYLCYCLOHEXENYL- 
METHYL BARBITURIC ACID) IN CORONARY OCCLUSION. 


By Srpney Hirscu, M.D., 
SENIOR CLINICAL ASSISTANT, MT. SINAI SURGICAL OUT-PATIENT DEPARTMENT, 
NEW YORK CITY. 


Ir is the consensus of intelligent medical opinion that relief from 
pain and absolute rest are essential in treating coronary occlusion ; 
that somnolence for the first 24 to 48 hours or more after an acute 
closure is very desirable to eliminate the anxiety accompanying the 
severe precordial and arm pain. It is for patients who have not 
been relieved by the vasodilators (nitroglycerin, amyl nitrite, 
aminophyllin); the common narcotics (morphin, dilaudid, pantopon, 
codein) ; or the use of caffein sodiobenzoate and phlebotomy; that I 
wish to recommend the use of Evipal. In the case described below 
I am convinced that death would have ensued without it. 


Case Report. A. %., aged 71, white male, with a completely negative 
previous history, awakened on February 8, 1936, with moderate precordial 
pain radiating to the left shoulder and to the back of the left arm.’ This 
pain gradually increased in severity so that medical attendance was sought. 
Nitroglycerin under the tongue immediately gave some relief but complete 
relief was obtained only after morphin (gr. }) was given. Physical examina- 
tion was negative, except for a temperature of 100 and a pulse of 96. Blood 
pressure was 150/90. Convalescence was uneventful until 36 hours later. 
During this interval the patient was receiving luminal and aminophyllin 
and remained absolutely in bed. At the end of 36 hours the pain returned 
with excruciating severity. The radiation was the same. Nitroglycerin 
and amyl nitrite were given without relief. Morphin sulphate (gr. 3) 
was given and repeated in 20 minutes when patient began thrashing about 
in bed because of the severity of the pain. He became quite cyanotic. The 
pulse rose to 140 and lost some of its volume. His anxiety and fear of death 
were overwhelming. A phlebotomy of 300 cc. gave no improvement. Evi- 
pal 10% was started intravenously. After 1 cc. the patient was drowsy; 
after 2 cc. he was asleep; 4 cc. were given in all. He remained asleep for 
15 minutes with easy regular breathing. On awakening he had only a dull 
precordial ache. The severe pain and overwrought anxiety were gone. 
He was then kept somnolent with the usual sedatives. A definite pericardial 
friction rub appeared 12 hours later, confirming the diagnosis. He is making 
an uneventful convalescence. 


Evipal is described by its manufacturers, the Winthrop Chemical 
Company, as an “intravenous anesthetic.” It is supplied as a 
powder in ampules of 0.5 gm. and 1 gm., and is prepared shortly 
before use by the addition of distilled water to make a 10% solution. 
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ATABRINE PIGMENTATION. 


By AprauaAm J. Scnecutrer, M.D., 
ASSISTANT RESIDENT IN BIOCHEMISTRY, DUKE HOSPITAL, 
AND 
Haywoop M. Taytor, Pu.D., 


ASSISTANT PROFESSOR OF BIOCHEMISTRY, DUKE UNIVERSITY SCHOOL OF MEDICINE, 
DURHAM, 


‘Tue antimalarial drug atabrine (atebrin) has been used with very 
favorable results both in this country®*® and abroad.! 7 The in- 
creasing popularity of the drug however, because of a secondary 
effect, namely, yellow pigmentation of the skin, has introduced a 
new and confusing factor into the differential diagnosis of conditions 
that are characterized by skin color changes. Frequently a patient 
who has been treated for malaria develops, or still suffers, from some 
other condition for which he consults a physician several weeks 
later. A yellow discoloration of the skin may be present, and, not 
aware of the possibility of atabrine pigmentation, the physician 
may believe that he is dealing with, usually, jaundice. The exist- 
ence of postmalarial cirrhosis is doubtful and the hypertrophic 
malarial hepatitis that may occur in long-standing cases causes no 
characteristic clinical symptoms.'’'! During the course of malaria a 
hematogenous and perhaps a hepatogenous discoloration of the 
skin may occur in the hemoglobinuric form of the disease, but a 
yellow skin cannot ordinarily be regarded as a malarial sequela. 
Some other explanation for postmalarial skin discoloration must 
be sought, either in a disease process that is unrelated to malaria, 
or to the deposition of a dye. It is our purpose to describe the tem- 
porary skin discoloration of atabrine, and the means of avoiding 
diagnostic errors with regard to its recognition. 

Atabrine is an acridin dye derivative,” chemically related to plas- 
mochin and to acriflavin. It is administered by mouth in yellow 
tablets of 0.1 gm. each, 3 times daily for 5 days, although it is ocea- 
sionally given intravenously. A new soluble compound, atabrine 
musonate,'? has recently been introduced and is said to be rapidly 
effective in small doses given intramuscularly. Parenteral adminis- 
tration, however, does not eliminate the possibility of pigmentation. 

The yellow discoloration of the skin by atabrine is diffuse and most 
prominent on the dorsum of the arms, hands, and feet. It is also 
clearly seen on the forehead and face, and may form a golden ring 
around the mouth. It is accentuated in the interdigital skin folds, 
neck creases, under the breasts, etc. The palate may seem to show 
pigmentation at times but is unreliable as a diagnostic index. 
The rest of the skin is but slightly affected. The hue varies with the 
intensity of the pigmentation and with the basic color of the patient’s 
skin. It may be greenish, lemon, or golden-yellow, but in any case 
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a strong yellow component is clearly evident. There is no dermatitis 
or change in the texture of the skin. Contrary to descriptions given 
by other observers,?:'4'° we have failed to see any significant degree 
of discoloration in the sclerze; in fact, we have found this a useful 
point in distinguishing the condition from jaundice. 

In a person who is pale to start with, one might at first glance 
suspect pernicious anemia. Ina darker skin, the pigmentation may 
give the impression of mild jaundice. The yellow pigmentation of 
carotinemia may be a source of confusion since here too the sclerve 
are generally not stained, but the dermal pigmentation affects the 
ventral surfaces of the hands and feet most characteristically. 
Other conditions that may be thought of are Addison’s disease, 
subacute bacterial endocarditis, vellow fever, or pigmentation from 
picric acid as occurs in workers. 

Some patients remember having had nausea or lower abdominal 
cramps early in the course of the treatment. In others the cramps 
may not appear until 2 or more weeks after the treatment is over, 
and in fact, may be the presenting symptom on hospital admis- 
sion.'4!9 In cases of vague lower abdominal pain not otherwise 
explained, the solution may lie in the knowledge that atabrine had 
been taken some weeks before, even though no pigmentation per- 
sists, or, as in negroes, where pigmentation cannot be detected. 

There can be no doubt that the pigmentation is due to deposition 
of the dye in the skin, and not to a secondary metabolic disturbance. 
Working with laboratory animals, Hecht'® found by fluorescence 
exhibited under ultraviolet light that the dye appeared in the skin 
36 hours after peroral administration. Various observers!?:'5!" 
have reported impairment of liver function in the majority of un- 
treated malarial patients. There is no evidence that such impair- 
ment is enhanced by atabrine. Ruge,'* in fact, has shown that chemi- 
cal and liver function tests which point to hepatic damage in acute 
malaria return to normal under atabrine treatment. DeLangen and 
Storm” have compared quinin, plasmochin and atabrine and point 
out that plasmochin, which does not cause pigmentation, very often 
causes hepatic damage, that quinin never does, and that atabrine 
does so only rarely and then in cases of malnutrition where the 
liver is poorly fortified with glycogen. 

Factors which have been thought to be contributory causes of 
pigmentation, especially when it is prolonged, are renal insuffi- 
ciency,*:'® constipation, influenza, exhaustion associated with inter- 
current infection, and anemia.*! Hecht!’ has demonstrated that 
after ingestion the dye is absorbed in the small intestine and that 
much is passed back with the bile to the bowel where some reab- 
sorption takes place. Tropp and Weise have shown that excretion, 
which is very slow at best, is divided about equally between urine 
and stool. It is conceivable that in constipation a greater than 
usual reabsorption of the dye takes place, and hence more becomes 
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available for deposition in peripheral areas. We are inclined to 
believe that anemia plays a réle. In 2 cases, when the hemoglobin 
content was considerably raised, either by transfusions or hematinics, 
the excretion of atabrine in the urine increased very noticeably. 
Although blood studies thus far, by Hecht,!® and by us, have failed 
to show satisfactorily how atabrine is partitioned between cells and 
plasma, we suspect that the drug is carried in or on the red blood 
cells, as is thought to be the case with quinin. When there is a 
paucity of cells available for such transfer, the dye remains for a 
longer time in the various depots, among which is the skin. 

Pigmentation following the use of atabrine is to be expected in 
many of the cases treated, especially when excretion of the dye 
does not begin within 3 days after the first dose. This, however, 
is said to vanish in not more than 2 or3 weeks! *'4 although urinary 
excretion continues for from 4 to 10 weeks as a rule. No reports 
of cases with prolonged pigmentation have come to our notice 
except the recent paper by Soni,*! in which 2 cases are reported from 
India. The pigmentation lasted a month in | instance and about 
4 months in the other. 

During the past 5 months we have had the opportunity of seeing 
S instances of prolonged atabrine pigmentation. These were ad- 
mitted with complaints unrelated to malaria, but they incidentally 
presented a yellow pigmentation of the skin the significance of 
which was not appreciated by the attending physicians until it was 
ascertained that the patient had been treated for malaria some weeks 
before. Four cases showed the discoloration 6 weeks after the final 
dose, one 8 weeks, one 16 weeks, and two 18 weeks after the last tablet 
was taken. One patient, however, took 3 courses of atabrine in the 
space of 2 months on her own initiative. We saw another patient 
| week after the last dose of a second course which was taken 5 
weeks after the first. This patient showed only very minimal pig- 
inentation on the dorsum of the hands and feet. 

Diagnosis. If it is elicited that three somewhat bitter, vellow 
tablets were taken each day for 5 days for malaria, it is very likely 
that those tablets were atabrine. Plasmochin tablets are also yellow 
hut are not bitter, and they are usually given with or after a quinin 
course for a period of longer than 5 days. There is nothing par- 
ticularly distinctive or constant about the pigmentation itself that 
inakes it proof against confusion with other causes of discoloration. 
The distribution and range of shade described above may be said 
io be suggestive of atabrine pigmentation but scarcely more than 
hat is warranted. Tests for hyperbilirubinemia should, of course, 
oe carried out to avoid confusing those cases in which jaundice 

id atabrine pigmentation may appear concurrently. Atabrine 
causes no spectroscopic changes in the blood, nor does it have its 
own characteristic absorption bands in the visible spectrum. 

The tests for atabrine in the urine are simple, quick, and quite 
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reliable. A physician having access to the ordinary laboratory 
equipment should be able to detect atabrine even if only 0.02 mg. 
is present in the urine. The following is a procedure which we have 
modified in several respects from ‘Tropp and Weise.” 


Test. One hundred ce. of urine in a separatory funnel is made strongly 
alkalin with 10 to 15 ce. of 306% sodium hydroxid. Add 50 ce. of ether and 
shake for } minute. On standing, the ether rises to the top. If the presence 
of a gelatinous material prevents a clear line of separation, allow most of 
the urine to run off, add 4 to 5 ce. of 95% alcohol, and shake again for a few 
seconds. Run the underlying urine laver off. Wash the ether extract by 
adding 50 ce. of water slightly alkalinized with sodium hydroxid and shaking. 
After separation of the layers, the wash water is run off. Now add 5 ce. of 
10% hydrochloric acid to the remaining ether extract, shake for } minute 
and after separation, of the layers, run the acid extract (lower layer) into 
a small narrow test tube. If the concentration of atabrine is high, the acid 
extract will appear green in ordinary light. If it seems colorless, examine 
the tube in a dark room against a black background in a beam of very 
strong light coming from the side. A green fluorescence indicates atabrine. 
If no such light is available, the tube may be viewed in the dark, from the 
side, with a strong light, as from a good pocket light or electric battery 
otoscope, illuminating it from below. On moving the light from side to 
side underneath the tube, a vertical or oblique beam of green fluorescence 
will be seen. In order to prevent dispersion of light from dust particles 
on the outside of the tube which might prevent a small degree of fluorescence 
from being visible, dip the tube into amyl! alcohol, mineral oil, or liquid of 
similar consistency before examining for fluorescence. In the absence of a 
separatory funnel, an S-ounce stoppered bottle may be used. Separation 
of the layers can then be most completely effected by transferring the mix- 
ture to a tall narrow cylinder from which the upper layer may be poured. 


We have found that acriflavin in the urine can be detected in 
extremely small amounts by this procedure, but in contrast to the 
somewhat bluish-green fluorescence of atabrine, acriflavin has a 
yellow-green fluorescence. This exception to the specificity of the 
test for atabrine is not of practical importance, however, for acri- 
flavin is completely excreted in the course of a few days. 

The use of hydrochloric acid for extraction of the atabrine from 
the ether instead of the sulphuric acid recommended by ‘Tropp and 
Weise, avoids the possibility of confusion due to the presence of 
quinin, quinidin, or even plasmochin, which in any but halogen 
acids give a royal blue fluorescence that can overshadow the green 
of atabrine. No confusion results from the presence in the urine 
ot the coal tar derivatives, barbiturates, iron compounds, digitalis, 
strychnin, the opium alkaloids, phenolphthalein, bromids, the 
purins, bile or blood. Very small concentrations of atabrine can 
be detected by using larger amounts of urine when available, say 
500 ee., extracting with 200 to 250 cc. of ether, and finally with 8 to 
10 ee. dilute hydrochloric acid. 

The test of Wats and Ghosh* is similar in principle to the above. 
Alkalinization is performed with potassium carbonate using 10 gm. 
to 100 ce. of urine, and extracting with amyl or isoamyl alcohol. 
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The extract has to be centrifuged to remove flocculent material 
and the clear supernatant fluid is examined in a small test tube in 
the usual way. The extract is very clear, and the test possibly 
slightly more sensitive than the first mentioned, but not as con- 
venient. Contrary to the report of Wats and Ghosh, quinin, quini- 
din, plasmochin, acriflavin, or even urobilin may cause confusion. 
The test is probably better for quantitative purposes, colorimetric- 
ally, as described by Wats and Ghosh. 

Summary. ‘The administration of atabrine, an effective anti- 
malarial drug, is frequently followed by a yellow pigmentation of the 
skin which may last from 1 to 4 months or longer, after the drug 
has been discontinued. 

The importance of the pigmentation lies not in any inherent body 
damage but in the diagnostic errors for which it may be responsible. 

The diagnosis of atabrine pigmentation can be made by evalua- 
tion of the history of the patient, particularly with respect to pre- 
vious antimalarial therapy, by study of the distribution of the pig- 
mentation, and by application of one of the tests for detecting ata- 
brine in the urine, as above described. 


Grateful acknowledgment is made to Dr. W. A. Perlzweig and to Dr. F. M. Hanes 
for valuable eriticism of the manuscript. 
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LOCALIZED RADICULITIS AND NEURITIS: THEIR DIAGNOSIS 
AND TREATMENT. * 


By Joserpu C. Yaskin, M.D., 
ASSISTANT PROFESSOR OF NEL ROLOGY, GRADUATE SCHOOL 
UNIVERSITY OF PENNSYLVANIA, 


OF MEDICINE, 


AND 
CLARENCE A. Parren, M.D., 
PROFESSOR OF NEUROLOGY, GRADUATE SCHOOL OF MEDICINE, 
UNIVERSITY OF PENNSYLVANIA, PHILADELPHIA, PA. 
(From the Department of Neurology, University of Pennsylvania, Graduate Schoo! 
of Medicine.) 

Tue diagnosis and management of localized radiculitis and neu- 
ritis is often difficult for the clinician and in many ways trying to 
the patient. Multiple radiculitis and multiple neuritis are, in the 
majority of cases, easy to diagnose: the widespread and usually 
symmetrical distribution of the sensory and motor manifestations 
indicate a systemic invasion by some infection, exogenous or endo- 
genous poison, a deficiency state, or an extensive arthritis of the 
vertebral column. In localized radiculitis and neuritis the diagnosis 
is difficult for two reasons: it is often difficult to ascertain the 
structures involved, and it is usually even more difficult to make an 
etiological diagnosis. 

Localized Radiculitis. Localized radiculitis may be caused by 
inflammatory or traumatic (pressure) lesions of the sensory or motor 
roots in the subarachnoid space, in the osseous intervertebral canals, 
and in their distal course to form plexuses or peripheral nerves. 
It must be borne in mind, however, that the sensory and motor 
symptoms are segmental (radicular) and not peripheral in distribu- 
tion. 

The sensory are the more common and conspicuous of the symp- 
toms, with pain a constant feature. The pain may come on slowly 
or rapidly; it may be dull, sharp, shooting or lancinating; it may be 
constant or paroxysmal. Coughing and sneezing, as a rule, precipi- 
tate or intensify the pain, especially if the roots are intravertebrally 
implicated. The pain is often preceded, accompanied or followed 
by paresthesias or dysesthesias. There is usually some hyper- 

* Presented at the Meeting of the American College of Physicians at the Graduate 
Hospital, Philadelphia, May 2, 1935. 
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esthesia and hyperalgesia of the skin innervated by the involved 
roots, although the objective sensory disturbances may be minimal 
owing to the sensory overlapping. In severe and long standing 
cases there is an implication of deep sensibility manifested by loss 
of sense of position and ataxia. ‘Tenderness over the nerve trunks 
is unusual, but Lasegue’s sign is commonly observed and muscle 
activity frequently causes considerable discomfort. 

When the motor roots are involved there is weakness, atrophy and 
changes in electrical reaction. Here, too, the distribution is seg- 
mental (radicular) and not peripheral, and for this reason the mus- 
cular weakness is partial. Trophic and vasomotor changes may 
occur, but are infrequent and herpes zoster may occur when the 
posterior spinal ganglion is implicated. Horner’s syndrome (ptosis, 
miosis and enophthalmos) is observed when the eighth cervical 
and the first dorsal roots are involved. 

Interesting spinal fluid changes have been observed in some cases 
of radiculitis. According to Feiling,' when the roots are implicated 
in the subarachnoid space, the spinal fluid shows a lymphocytosis. 
If the root is involved in the intervertebral canal (funiculitis) the 
spinal fluid shows an increase in albumin without lymphocytosis. 

The etiologic diagnosis is the more difficult since radiculitis is 
rarely a primary or independent disease. Among the possible 
causes should be considered: extramedullary tumors of the spinal 
cord involving the root before it enters the intervertebral canal; 
meningitis of syphilitic, tuberculous or some other infectious origin; 
osseous diseases of the spine such as spondylitis (Gunther and Samp- 
son’), tuberculosis, malignancy, trauma, or some extravertebral 
disease which affects the roots. Radiculitis may be the earliest 
ora prolonged expression of many of the above mentioned pathologic 
processes. In epidemic encephalitis radicular forms with neuralgic 
pains and clonic contractions of the muscles have been observed. 
Radiculitis also occurs in association with the primary infectious 
liffuse neuritis of Guillain and Barre* and as a part of a myelo- 
radiculopolyneuritis as reported by Strauss and Rabiner; and 
sands.® 

Generally speaking the etiologic diagnosis of radiculitis requires 
investigation for syphilis, tuberculosis or neoplastic disease, and 
each case should have a Roentgen ray of the region suspected as 
vell as a lumbar puncture for pressure readings and spinal fluid 
studies. Failure to carry out such investigations will ofttimes lead 
‘o grief, both to the patient and the physician. It is likewise neces- 
sary to stress the necessity for repeated examinations and investi- 
vations. 

In common with tabes, radiculitis of the lumbosacral region has 
ataxia of the lower limbs, Rontberg’s sign, diminution or loss of knee 
and Achilles reflexes and loss of deep sensibility. As a matter of 
iact, tabes is a radiculitis. The differential diagnosis of tabes de- 
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pends upon the finding of Argyll Robertson pupils and the serologic 
evidences of syphilis in the blood and spinal fluid. 

Spinal cord tumors, especially of the extramedullary types, often 
begin with evidences of radiculitis. The eventual appearance of 
spinal cord symptoms and in particular a partial Brown-Sequard 
syndrome, with evidences of spinal subarachnoid block on lumbar 
puncture or campiodol injection, makes an early diagnosis possible 
in the majority of cases. 

Mvyeloradiculitis or myeloradiculoneuritis (Strauss and Rabiner) 
occurs in young people and begins with an infection of the upper 
respiratory tract followed by the development of paralysis of the 
lower limbs with loss of tendon and skin reflexes, sphincter disturb- 
ances and subjective as well as objective disturbances in radicular 
distribution. The spinal fluid shows an increase in protein but little 
increase in cell count. The blood shows a slight leukocytosis. Re- 
covery is rapid and complete. Sands°® regards these cases as belong- 
ing to the category of atypical epidemic encephalitis. 

Osseous disease about the vertebral column is readily detected 
by Roentgen studies of the spine in anteroposterior and lateral views. 

Pelvic tumors such as retroperitoneal sarcomas may cause radicu- 
litis as has been frequently observed. Repeated rectal (and vaginal) 
examinations should be made in any case of radiculitis affecting the 
lower extremities. Superior sulcus tumors (Pancoast)® may cause 
radiculitis of the upper extremities, and therefore, Roentgen ray 
studies of the lungs should be made in every such case as well as in 
every other case of radiculitis and neuritis when malignancy in any 
region is suspected. 

Focal infection plays a doubtful réle in the etiology of localized 
radiculitis. Only when all the other causes mentioned have been 
ruled out may one consider radiculitis to be due to some focal infec- 
tion. Lastly, there are idiopathic cases in which no satisfactory 
cause can be found. 

Treatment. Foremost in therapeutic importance is the finding 
of the underlying cause and its elimination. For the relief of pain 
in most cases, local applications of heat and diathermy should be 
tried or hot and cold packs may be applied. Such analgesics as 
acetylsalicylic acid, gr. v or x and amidopyrin, gr. v may be tried, 
but in severe cases codein and morphin are required. Foreign pro- 
tein therapy (mixed typhoid vaccine, aolan) may afford relief in 
some cases and in others a lumbar puncture will sometimes alleviate 
a severe attack. In the most severe and persistent cases considera- 
tion of section of the posterior roots or chordotomy may be neces- 
sary. Ratera’ has reported favorable results from Roentgen ray 
treatment. 

Localized Neuritis. Localized neuritis may be caused by direct 
trauma or pressure, by exposure to excessive cold (refrigeration ), 
by extension of disease from adjacent structures, by exogenous and 
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endogenous poisons and by focal infections. Ofttimes no cause 
can be found. 

Symptoms. The symptoms of simple neuritis vary with the cause 
and location of the disease but show somewhat common neurologic 
manifestations. There are sensory, motor, trophic, vegetative, 
reflex and electrical manifestations. The onset may be sudden or 
gradual, depending upon the cause, and usually without constitu- 
tional symptoms except that there may be slight fever. The prom- 
inent symptom is pain which follows the distribution of the affected 
nerve, and is of a burning, boring character, worse at night and 
increased by any movement of the affected part. The nerve is 
tender when pressed upon. Naturally pain is absent when the 
neuritis affects only motor nerves such as the facial or musculo- 
spiral. In these cases the only symptom is motor paralysis. Un- 
pleasant sensations such as paresthesias (numbness, formication) 
and dysesthesia may precede, accompany, or follow the pain. 
Objective sensory disturbances are usually found in the more marked 
grades of neuritis of a sensory or mixed nerve, and involves all 
forms of sensation, ¢. ¢., touch, pain, temperature, position and 
vibration. The intensity of the sensory impairment may vary 
froma slight reduction of sensation to a complete anesthesia. Some 
modalities of sensation, especially light touch and two-point dis- 
crimination, may be more affected than others. There may be 
increased sensitivity hyperesthesia hyperalgesia— some 
areas. It is to be stressed that all objective sensory disturbances 
in peripheral neuritis are within the cutaneous distribution of the 
affected nerves. 

Since most of the peripheral nerves are mixed, motor disturbances 
are Common in neuritis varying from a mild weakness to complete 
paralysis. If the condition is of sufficiently long duration the mus- 
cles become flabby and atrophic, with loss of deep reflexes, and the 
reactions of degeneration on electrical stimulation. Muscular 
fibrillation so Common in anterior horn cell disease is an exception in 
peripheral neuritis and when encountered is usually of a coarse 
haracter. 

Trophic and vasomotor disturbances are usually noted in periph- 
ral neuritis, and are due to the involvement of sympathetic and 
‘rophie fibers which run in the peripheral nerves. The skin becomes 
Juish, thin, and glossy, or, more rarely, thickened, and the nails 
vdged and brittle. There may be alopecia, or, because of the 

trophy of the skin, an appearance of hypertrichosis, and an in- 
reased or complete absence of perspiration. These trophic and 
asomotor symptoms occur both in the mild and severe cases. In 
ronic neuritis, contractures of uninvolved muscles frequently 
cur due to overaction and the failure of opposition from the par- 
zed anatagonists. The diseased muscles often become actually 
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fibrosed and secondary joint changes of a fibrotic character with 
ankylosis is encountered. 

Diagnosis of Neuritis. A diagnosis of neuritis is never simple 
or easy and is permissible only after the exclusion of the following 
conditions : 

1. Local muscle, bone, joint and bloodvessel disease. Disability 
with pain about the shoulder may be due, not only to neuritis, but 
also to an arthritis of the shoulder joint, to a subacromial or sub- 
deltoid bursitis, or to early malignancy (sarcoma). Sciatic neuritis 
is an unfortunate diagnosis when underlying causes, such as osteo- 
arthritis of the spine and sacroiliac joints or a pelvic tumor are 
overlooked. 

2. Radiculitis. Involvement of the spinal roots is characterized 
by sharp, shooting pains in the respective radicular area and is not 
accompanied by tenderness on pressure at the site to which the pain 
is referred. 

3. Diseases of the spinal cord or brain. The paralysis and sensory 
disturbances of a neuritis should be differentiated from disease in 
the spinal cord or brain in which other signs of central nervous 
system involvement are definitely present, and tenderness over the 
nerve trunks is absent. 

4. Neuralgia. This condition is characterized by darting and 
paroxysmal pain. ‘Tenderness, when present at all is found only 
during paroxysms, with confinement to spots of definite localization. 
Even in chronic neuritis there is tenderness on pressure over the 
nerve trunks, weakness and flaccidity of the muscles. 

Theoretically, the differential clinical diagnosis of localized neuri- 
tis and radiculitis is relatively simple; but practically, the etiologic 
diagnosis is most difficult except in those cases due to trauma or 
pressure. As a matter of clinical experience most cases diagnosed 
as localized “neuritis” turn out to be something else; many sciaticas 
have later proven to be spinal cord or pelvic tumors; an obturator 
neuritis, a hip joint disease; a brachial neuritis, a bursitis, peri- 
arthritis or sarcoma of the bones of the shoulder girdle. But even 
where such conspicuous causes are not obtainable the actual diag- 
nosis is often difficult because of the bizarreness of the symptoma- 
tology and course of the disease as illustrated by the following cases: 


Case 1.—Severe pain in the left arm and shoulder without nerve ten- 
derness. No disease of shoulder region or vertebr found and no evidence 
of subarachnoid block. There developed weakness and absence of reflex 
of the left triceps muscle, atrophy of most of the muscles of the left arm, 
tenderness over the nerve trunks and irregular hypalgesia in the distri- 
bution of the 5th, 6th and 7th cervical segments. Slow but satisfactory 
recovery. 

M. M., female, aged 35, laboratory technician, was admitted to the 
Graduate Hospital on August 31, 1934, complaining of pain in the left 
shoulder and left upper extremity. The family and past medical histories 
were irrelevant. She was in good health until August 23, 1934, when she 
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was awakened by pain in the left shoulder, arm, forearm and three ulnar 
fingers. There was no history of antecedent infection or exposure. The 
pain gradually diminished until August 31, when there was an acute exacer- 
bation and after that she had intense pain with numbness in the above 
named distribution. The pain was constant with exacerbations, was not 
affected by movements of the shoulder and forearm, nor was it aggravated 
by coughing or straining at the stool. Elevation of the extremity gave her 
some relief. There were no symptoms referable to any other region in the 
body. 

On admission the general physical examination was entirely negative. 

Neurologic Status. The cranial nerves were negative except for a narrow- 
ing of the left palpebral fissure. Upper Extremities. There was no atrophy 
nor tremors. The left triceps muscle was definitely weaker than the right. 
The left triceps reflex was barely obtainable; the right was prompt and 
active; both biceps reflexes were exaggerated; there was no Hoffman’s sign. 
There was diminution of pain sensation over an irregular area corresponding 
to the distribution of parts of the 5th, 6th and 7th cervical segments. There 
Was no impairment of touch, cold and heat, nor of vibration. There was 
no tenderness over the nerve trunks. The lower extremities presented no 
abnormalities except a bilateral hyperreflexia with the left knee jerk 
slightly increased over the right. The abnormal reflexes were intact. 

Course in the Hospital. Throughout her residence in the hospital from 
August 31, 1934. to October 2, 1934, the patient’s temperature, pulse and 
respiration remained normal. In the course of a few days the weakness 
of the right biceps became much more pronounced and there appeared 
atrophy of the muscles between the scapulse and the small muscles of the 
left hand. The movements of the various joints became painful and there 
was definite tenderness on pressure in the supraclavicular space, in the 
inner and upper aspect of the arm and in the forearm. The other findings 
were essentially the same as on initial examination. Except that the knee 
and Achilles jerks became markedly hyperactive, there were no sphincter 
disturbances. The pain was severe enough to require the continuous use 
of codein and morphin in addition to other forms of treatment. 

Special Examination. Roentgen Ray Studies. The films of the teeth were 
entirely negative. A film of the cervical and dorsal spine (Dr. Karl Korn- 
hlum) revealed an abnormal curvature in the mid portion of the cervical 
spine which may have produced some encroachment upon the intervertebral 
foramina. Urinalysis was negative. Blood Count: Erythrocytes 4,830,000; 
hemoglobin 809% (14 gm.); leukocytes 6700; polymorphonuclears 61%; 
monocytes 1%; lymphocytes 38%. Blood Chemistry: Sugar 81 mg; 
urea nitrogen 16 mg. The blood Wassermann test was negative. A spinal 
puncture on September 21, 1934, showed an initial pressure of 180 mm. of 
water with a normal rise and fall on coughing, straining and respiratory 
movements and upon jugular compression. The examination of the fluid 
evealed no abnormalities as to cell count, protein, sugar, chlorids and the 
\\assermann test. 

Condition on Discharge on October 2, 1934. She stillhad some spontaneous 

iin but was relatively comfortable. There was moderate weakness and 
lefinite wasting of muscles from the shoulder down to and including some 

the muscles of the hand. Both the triceps and biceps reflexes on the left 
de showed definite impairment but could be elicited. No sensory impair- 
ent was noted at this time, but she did have considerable tenderness on 
essure over the flexor surface of the forearm. 

Treatment. On admission the patient was given sodium salicylate with 

dium bicarbonate regularly and morphin when necessary. Heat and 

ithermy to the shoulder and cervical spines were administered daily. In 

(ition, she received sodium amytal and other somnifacients which seemed 
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to be of little help to her. On September 14, 1934, she was given sodium 
salicylate, sodium iodin and colchicine intravenously, which was repeated 
every other day until the time of her discharge. This form and mode of 
medication produced a prompt and marked relief of pain. 


Comment. When first seen the pain was not accompanied by 
definite objective findings and the diagnosis was difficult. In the 
course of a few days the clinical diagnosis of neuritis was relatively 
asy. The etiologic diagnosis in this case still remains a mystery. 
Neuritis of this sort has been noted following epidemics of grippe or 
occurring in patients who had none of the usual symptoms of grippe 
infection. 


Case 2.—Severe pain in the right shoulder, arm and forearm without 
nerve tenderness and not aggravated by movements of the joints. No 
disease of the shoulder region, of the vertebra: or of the lungs and found no 
subarachnoid block. Gradual developing weakness of the left biceps muscle, 
absence of the left biceps reflex and hypalgesia over distribution of Sth and 
6th cervical segments. Transient loss of right abdominal reflexes; with pain 
improvement there appeared nerve tenderness and complete paralysis of 
the right biceps muscle. Complete recovery except for loss of power and 
absence of reflex in the right biceps. 

A. W. H., aged 61, married, fuel merchant, was first seen on November 
29, 1934, complaining of general weakness and fatigability. The family 
history was irrelevant. 

About 30 years ago he went to Europe and took a “stomach cure.” Since 
then he has been careful with his diet. He had two hernia operations, the 
last one 5 years ago. He had several nasal operations, the last one 3 or 4 
years ago. He never drank or smoked. He did not take coffee and rarely 
tea. Two years ago he was accepted for life insurance. Thirty years ago 
he had an attack of pain in the left shoulder which lasted 6 weeks. 

For 11 years he had had difficulty with a psychotic wife. Since 1929, he 
had serious business reverses and in the past vear, after going into the oil 
business, had to be up every other night until midnight or later. For the 
past 3 to 4 vears he had been treated for diplopia. About a year ago he 
noticed he was tiring very easily especially in the legs. He also had some 
pain in the back of his neck. The weakness in his legs had become progres- 
sively worse and about 4 weeks before admission, while reading at night, 
he reached backward and experienced a sensation as of the bed traveling 
with him. Following this incident he complained of vertiginous attacks 
off and on. Three weeks ago he was examined and found to have a blood 
pressure of over 200. A week later he developed what he called a cold with- 
out a nasal discharge or fever. 

He had a feeling of fullness in the head which was constant, but no ringing 
in the ears, nausea or vomiting. He was constipated but the bowels were 
regulated by ordinary milk. There was no dyspnea except on exertion; no 
precordial pain, cough, nor expectoration; no nocturia; no numbness or 
pain in any of the limbs, but marked fatigability in the legs. His memory 
was not impaired and he slept moderately well. 

Physical Examination. Weight 1413, pulse SO, blood pressure on the 
right side 165/90, on the left 170.90. The heart sounds were not unduly 
booming. The chest and abdomen were otherwise negative. The prostate 
was not enlarged. The peripheral vessels were satisfactory. 

The neurologic eramination was entirely negative. 

On November 29, 1934, the following laboratory findings were reported: 
Blood Count: Hemoglobin 105% (Sahli); R. B. C. 5,400,000; color index 
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105 108; W. B. C. 9400; P. M. N. 63%; mono 2%; 8S. L. 28%; L. L. 7%; 
urea nitrogen 2S mg.; glucose 95 mg.; blood sedimentation 20 mm. in 
Lhour. On reéxamination the urea nitrogen was 13.5 mg. 

Following the introduction of the needle for the withdrawal of the blood 
on November 29, 1934. he began to complain of pain in the right shoulder 
and arm. He blamed it on the venipuncture. It became progressively 
worse, Was particularly annoying at night and was not relieved even by 
morphin. He was admitted to the Graduate Hospital on December 14, 
1934, complaining of general weakness and soreness and more particularly 
of pain in the right shoulder and arm. This pain was constant but was 
much worse at night. It was of a boring nature and was not aggravated 
hy movements of the shoulder or elbow joints and did not interfere with his 
walking. It was not made worse by coughing or straining at stool. It 
kept him awake at night and required continuous use of large doses of 
morphin, 

The positive neurologic findings on December 13, 1934, included definite 
weakness of the right biceps muscle, absence of the right biceps reflex, 
hypalgesia and hypesthesia of the 5th and 6th cervical segments over the 
outer aspect of the forearm, diminution of the right abdominal reflexes and 
some increase of the knee and Achilles jerks on the right side as compared 
with the left. 

Special Studies. Blood chemical tests were repeated and found to be 
normal, Urinalysis was essentially negative. Blood count revealed no 
definite abnormalities. Electrocardiogram was normal. The Roe ntge nm ray 
of the lungs and shoulders were negative. That of the spine revealed a 
marked thoracic kyphosis with a compensatory cervical anterior Curvature 
which might have encroached on the cervical nerves. On spinal puncture 

December 22, 1934) the initial pressure was 160 mm. of water; there was 
a normal rise on straining and on light and heavy compression of the jugular 
veins. The examination of the fluid was negative in all respects. 

Course in the Hospital. His pulse and temperature remained normal 
until his discharge from the hospital on December 30, 1934, except for a 
rise on the 19th of December following an injection of sodium salicylate, 
sodium iodid and colchicine. From December 14 until December 22, 1934, 
he required continuous administration of morphin and codein and received 
is much as 13 grains of morphin in 24 hours to control the pain. His men- 
tality differed, but he was generally depressed and irritable and when under 
the influence of drugs was at times slightly irrational. He was at no time 
neontinent. It was only in the latter part of December that his pain began 
eradually to subside while at the same time there appeared tenderness on 

ressure over the arm in the axilla and over the supraclavicular region. 

\t the time of his discharge on December 30, 1934, he had very little 
spontaneous pain, but considerable tenderness on pressure in the above- 
entioned regions. The right biceps muscle was completely paralyzed; 
e right biceps reflex was abolished; there was a definite hypalgesia and 
pesthesia in the distribution of the right 5th and 6th cervical segments. 
Treatment. In addition to morphin and codein an attempt was made to 
trol his pain with acetylsalicylic acid and amidopyrin which was not 
cessful. Improvement was first noted after the administration intra- 
ously of sodum salicylate, sodium iodid and colchicine. On December 
-/ 1934 and for a time he received antipyrin, gr. v, methylene blue, 

v, and extract of belladonna, gr. }, q.i.d. In addition he received 

ant heat, diathermy, hot pads, alkalis and laxatives. 

ihsequent Course. Two weeks after discharge he developed an acute 

risy on the left side, from which he made a satisfactory recovery in 

it a week, but a week later developed a mild right-sided pleurisy. He 
rm irned to full duty 6 weeks after discharge from the hospital. 
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Comment. In this case as in the first, with pain as the initial 
feature, the clinical diagnosis of neuritis could not be made at the 
outset and was not possible until after other conditions had been 
excluded by spinal puncture, Roentgen ray of the chest and shoulder 
and other studies. The etiologic diagnosis is still unknown. The 
subsequent attacks of pleurisy would tend to show that he had a 
systemic infection the source of which had not been determined. 


Case 3.-—Pain in the lower back for 2 years, particularly noticeable 
after working or long driving in his automobile. Sudden cramplike pains 
radiating from the buttock to the ankle, and numbness of ankle and foot. 
Diagnosis of lumbosacral radiculitis and left sciatic neuritis. After a 
deeply situated abscess in the right tonsil was evacuated and later the 
tonsils removed, the patient improved rapidly. 

This patient came under observation on January 16, 1935, with the com- 
plaint of excruciating pain in the back and left lower extremity. He had 
had pain in his lower back off and on for a period of 2 vears with intervals 
of days or even 2 or 3 weeks when there was no pain or soreness Whatsoever. 
Suddenly, in the latter part of December, 1934, he developed sharp and 
acute pain in the left lower extremity radiating from the lumbar region 
to the ankle. There was no history of acute or chronic infection or other 
condition which might have had any bearing except possibly his back injury 
3 vears before. 

The neurologic examination showed no disturbance of the cranial nerves 
or upper extremities. The abdominal reflexes were present and equal. 
There was marked fixation of the muscles of the back and a loss of the 
lumbar lordotic curye with a compensatory scoliosis. The right knee and 
ankle jerks were slightly hyperactive, but the left knee and ankle jerks were 
diminished. There was marked tenderness over the lumbar and sacral 
vertebrie and also over the sciatic nerve. Lasegue’s sign was positive on the 
left side and negative on the right. There was impairment of touch, pain 
and temperature sense in the distribution of the Ist, 2d, 3d and 4th sacral 
nerve roots. Vibratory sensibility was lost in the toes of the left foot and 
impaired in the ankle and tibia on the left side. There was marked impair- 
ment of position sense in the toes and ankle on the left. Any movements 
of the lower back produced excruciating pain. It was with difficulty that 
the patient could arise from a chair or couch and he needed assistance when 
walking. He improved steadily under treatment for a period of about 3 
weeks, then suddenly developed a chill and fever followed by profuse 
perspiration. From that time onward he had irregular attacks of chills 
and fever (never over 101°) for a period of 2 weeks. He lost weight, his 
appetite became poor, and he looked very distinctly ill. Two suspicious 
teeth were removed, but inasmuch as the chills and fever did not clear up 
he was referred to an otolaryngologist who found a peritonsillar abscess 
containing | or 2 drams of pus on the right side. After draining this abscess 
the chills and fever promptly subsided and the pain in his back and leg 
improved steadily. Following tonsillectomy 3 or 4 weeks later further 
improvement occurred, and when last seen he was nearly well. 

The neurologic examination at this time was as follows: The fixation 
of the back muscle had entirely disappeared and bending movements were 
much less restricted. Slight fibrillations were noted in the gluteal muscles 
on the left side when contracted. The knee jerks were present, active and 
equal bilaterally. The right ankle jerk was slightly hyperactive and the 
left diminished. Vibratory sense was normal on both sides. There was 
diminution of pain and touch sense in the distribution of the nerve roots 
previously mentioned, but it was quite evident that it was rapidly clearing 
up. Lasegue’s sign was still mildly positive on the left side, but absent 
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on the right. There was noted a slight wasting of the muscles of the left 
thigh and leg. The patient stated that he had mild discomfort in the left 
lower extremity on motion, but no sharp or acute pain. If he did too much 
walking or bending he had a slight aching in the lumbosacral region of the 
back. 

The laboratory investigation showed a perfectly normal blood count, 
negative urinalysis and normal blood chemical findings. The Roentgen 
ray studies showed abscess at the apices of 2 teeth and left lumbosacraliza- 
tion with rudimentary left lumbosacral joint. Otherwise all studies were 
totally negative. 

Treatment. Before coming to our attention the patient had had all kinds 
of hypnotics and sedatives with no particular relief of his symptoms. As 
soon as the diagnosis of radiculitis and neuritis had been made he was placed 
upon intravenous injections of sodium salicylate, sodium iodid and col- 
chicine. He also received 5 or 6 Roentgen ray treatments over the lower 
spine. Heat was applied daily to the lumbosacral region and the patient 
was kept more or less quiet in bed. He improved very rapidly so that in 
about 3 or 4 weeks’ time no medication was given except pyramidon by 
mouth. 

Comment. This patient with a history of intermittent radiculitis 
over a period of 2 vears very suddenly displayed an acute radiculitis 
and sciatic neuritis with definite objective neurologic disturbances. 
With removal of focal infection and treatment as outlined a rapid 
improvement was experienced. The diagnosis was relatively easy 
from the disease classification standpoint, but the etiologic factor 
was not discovered until retraction of the right tonsil disclosed a 
peritonsillar abscess. 

Comment. In the treatment of non-traumatic cases of neuritis 
the removal of the cause is of first importance. Particular attention 
should be directed to the elimination of focal infections and after 
this, prolonged rest of the affected part with the application of 
splints to the limbs to procure immobilization. For the direct 
relief of pain local applications of heat, especially moist heat — as 
from steam, poultices, or hot fomentations — are useful. Occasion- 
ally in the early stages the use of ice, locally applied, gives some relief. 
Counter-irritation by mustard plasters or other agents is efficacious. 
Sometimes the galvanic current, used in strength sufficient to redden 
the skin, gives immediate relief. 

Internally the best agents are the salicylates and especially 
acetylsalicylic acid with amidopyrin. The iodids appear to be useful. 
stark’ has obtained satisfactory results from the employment of 
large doses of sodium iodid intravenously, administering from 30 to 
20 grains intravenously without untoward effects. A combination 
f salicylates, colchicine and iodids when given intravenously has 
‘roven in our experience to be most valuable. In many cases the 

ain may be so severe that it is necessary to resort to morphin and 
derivatives. 

In severe and protracted cases the following measures have been 
iggested: hot air applications, the use of electric currents, cata- 
phoresis, counter irritation with hydrochloric acid and injection 
aleohol.® 
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Attention should be directed to the general health of the patient 
with respect to nutrition and elimination, employing laxatives, 
diuretics, tonics and alteratives as indicated. After the subsidence 
of the acute symptoms and all tenderness and pain have disappeared 
baking, massage and faradic stimulation help in restoring the func- 
tion of the disabled muscles and overlying tissues. 

Summary. [xcept in cases resulting from known trauma, the 
diagnosis of localized radiculitis and neuritis should be made with 
caution. In the majority of cases these conditions are secondary 
to disease of the spinal cord and its meninges, the vertebral column 
and other osseous structures, the pelvis and lungs, focal and general] 
infections and intoxications. The primary or idiopathic forms are 
rare and are so diagnosed only by the failure to find a definite cause. 
In the majority of cases it requires the study of spinal fluid (pressure, 
cytology, chemistry, Wassermann test, etc.), a Roentgen ray study 
of the region concerned and usually of the spine, a rectal (and 
vaginal) examination as well as repeated general physical and neuro- 
logic examinations and routine blood studies. 

The prognosis depends upon the underlying causes and severity 
of the case. When the cause can be removed, providing the roots 
and nerves are not actually destroyed, the outlook is good. In 
primary cases the outlook is favorable as to recovery and usefulness 
in the majority of cases, but it is to be borne in mind that the dura- 
tion of some of the cases is extremely long and accompanied by a 
great deal of suffering. 

In the treatment of the secondary forms the removal or correction 
of primary causes is of first importance. In the symptomatic 
treatment the use of the various salicylates, amidopyrin and a com- 
bination of iodids, salicylates and colchicine intravenously are help- 
ful. Immobilization; moist, dry and radiant heat, as well as dia- 
thermy may bring relief. In the majority of cases opiates are 
required during the acute stage. 
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IS THERE ANY RELATIONSHIP BETWEEN RESISTANCE AND 
SUSCEPTIBILITY TO POLIOMYELITIS AND DIPHTHERIA? * 


By Craus W. Juncesiut, M.D., 


ASSOCIATRH PROFESSOR IN BACTERIOLOGY, COLLEGE OF PHYSICIANS AND SURGEONS, 
COLUMBIA UNIVERSITY, NEW YORK CITY. 


(From the Department of Bacteriology, College of Physicians and Surgeons, 
Columbia University.) 

Tue obscure nature and debatable mechanism of natural insus- 
ceptibility to poliomyelitis in man has prompted us for a number of 
years to give close attention to the various aspects of this problem 
as far as they are applicable to a study of the experimental dis- 
ease.!2)) One important part of this program has dealt with deter- 
mining the limits of specificity in the inactivation of poliomyelitis 
virus by serum. Experiments undertaken for this purpose have 
revealed, on the one hand, a narrow specificity of the neutralization 
phenomenon in that a large number of various antibacterial and 
antiviral immune sera proved incapable of bringing about inactiva- 
tion of the virus. On the other hand, it was found that certain 
samples of antitoxic sera from horses immunized against diphtheria 
toxin, scarlatinal streptococcus toxin and rattle snake venom, when 
tested under the same conditions, possessed the property of effecting 
neutralization of the virus in vitro. In conformity with these find- 
ings, poliocidal substances were occasionally demonstrable in the 
serum of monkeys actively immunized against diphtheria toxin.‘ 

Another approach to the same problem centers around attempts to 
induce enhanced resistance to poliomyelitic infection by other than 
specific means. Experiments undertaken by Armstrong and Harri- 
som have shown that monkeys may acquire a relative increase in 
resistance to poliomyelitic infection following immunization with 
diphtheria toxoid. Our own experience on that point is fully in 
harmony with the observations of these authors. In a fairly com- 
prehensive series of animals, immunization with either diphtheria 
toxoid or toxin-antitoxin mixture increased the resistance of nearly 
one-half of the monkeys in various degrees to subsequent intracerebral 
inoculation with multiple paralytic doses of poliomyelitis virus.+ 

While no clear explanation can be given, at present, to account for 
the overlapping protection in the animal or the common reactivity 
of the serum, it is of interest to note that diphtheria toxin seems to be 

usceptible to inactivation by certain highly specialized biological 
ubstances which are also capable of neutralizing poliomyelitis 
irus. Thus, contact in vitro with adrenalin,®:? cortin®? > and vitamin 

(ascorbic acid") is apparently equally destructive for both the 

oxin of the diphtheria bacillus and the virus of poliomyelitis. 

In order to extend the experimental basis of our observations it 
vas seemed advisable to carry out additional neutralization tests with 


* Under a grant from the Rockefeller Foundation. 
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diphtheria antitoxic horse sera obtained from different sources. 
At the same time, we have enlarged our series of monkeys actively 
immunized against diphtheria toxin before infection with poliomye- 
litis virus. It is the object of this paper briefly to report the results 
obtained in this work and to discuss in more detail the conclusions 
which suggest themselves. 


Experimental Work. !. VirucipaL Tests Dirrerent 
Antiroxic Horse Sera. A total of 16 samples of antitoxic sera obtained 
from horses under immunization against diphtheria toxin were employed 
in these tests. The sera were secured through the courtesy of various State 
and commercial laboratories and we wish to express here our appreciation 
for the cordial coéperation received from these institutions. All sera were 
fresh, unpreserved trial bleedings taken during the course of immunization, 
with both high and low titers of antitoxin. The technique of the neutraliza- 
tion test followed the usual technique adopted in this laboratory, 7. e., 
incubated mixtures of 0.9 cc. of serum and 0.1 cc. of a 10% virus suspension 
were injected intracerebrally into individual monkeys. The experiments 
were controlled by the inclusion of an adequate number of animals inocu- 
lated with the same dose of virus plus saline or normal monkey serum 


(Table 1). 


TABLE 1.—NEUTRALIZATION OF POLIOMYELITIS VirUS BY ANTITOXIC DIPHTHERIA 
Horse SERUM. 


Neutralization test. 


Anti- _ 
Diphtheria serum. toxin 
unitage. Monkey Control 
i. Result. monkey. Result. 
Lederle 6750 ? Q2 Complete paralysis 12 d 


Mulford 674 Q5 paralysis 
~ 676 ? Q6 Complete paralysis 8d 
- 677 ? Q7 Partial paralysis Sd. Q13 
= 678 4 Qs No paralysis dl. 
N. Y. State Dept. Health 469 600 Q10 = Complete paralysis 8d 
471 500 Qil od 


Complete paralysis 8 d 
Q26 “Partial paralysis 9d 


“ “ 4661 400 “ 7d. 
4662 800 Q24 Partial paralysis 10d. 
N. Y. City Dept. Health 635! 110 O76 Partial paralysis 19d 
- = 6352 110 O91 Complete paralysis 8 d. 
“ “ 998 “a 
“ “ “35 “ “ 090 Complete paralysis 7 d. 
820 110 O96 No paralysis 
826 375 O97 Complete paralysis d. 
Mass. State Dept. 636 Normal ? Ms4 paralysis M78 Complete paralysis 11 d 
Health 636 Diph. 235 M85 = No paralysis M79 Complete paralysis 8d 
Mass. State Dept. Almost complete paral- 
Health 636 Normal ? M64 No paralysis M70 ysis 11 d. 


It will be seen from Table 1 that unquestionable neutralization of the 
virus occurred with four different samples while a fifth serum was capable 
of prolonging the incubation period to the 19th day after injection. If the 
figures are considered in toto, it follows that approximately one-third of 
the various samples of diphtheria antitoxic horse sera were capable of 
bringing about either complete or partial inactivation of the virus in vitro. 
These results are therefore essentially in keeping with our previous observa- 
tions. Again, we failed to observe any consistent relationship between 
antitoxic potency, as expressed in unitage, and extent of poliocidal power. 
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Of particular interest are the results obtained with the normal serum 
(No. 636), which inactivated the virus on repeated tests. On further exami- 
nation it was discovered that this particular sample of normal horse serum 
contained an unusually high content of natural antitoxin, since 1 ce. of 
serum injected subcutaneously protected guinea-pigs against a simul- 
taneous similar injection of 5 and even 20 m.1.d. of diphtheria toxin. 

I]. IN Monkeys ActiveELy IMMUNIZED 
AGatnst Dipnruerta Toxin. Four rhesus monkeys were given a series 
of subcutaneous injections of either toxin-antitoxin mixture or of toxoid. 
After a ground immunity was thus established, these animals received 
further injections of straight diphtheria toxin, increasing gradually from 
5m...d. to 100 m.l.d. The large amounts of potent toxin were well tolerated 
by 3 monkeys which showed no more than a slight flush or occasionally a 
superficial ulceration at the site of injection. The fourth animal however, 
which had reacted more severely to every injection, succumbed to the last 
dose of toxin, 7. e., 100 m.1.d., with characteristic symptoms of diphtheria 
intoxication. The 3 animals which received the full course of immuniza- 
tion were injected intracerebrally with 0.1 cc. of a 10% suspension of polio- 
myelitis virus. None developed paralysis although one showed some fever 
and slight awkwardness in Jumping for a few days. Two months later, 
these 3 animals were reinfected intracerebrally with 0.5 ec. of a 10% virus 
suspension. Nine and 14 days respectively after reinfection, 2 showed a 
slight paresis of the arm which did not progress any further. The third 
animal remained entirely free from any symptoms of the disease. Adequate 
controls accompanied both of these tests. 

Samples of serum were obtained from the 4 animals described above at 
the early, intermediate and late stages of the immunization period and were 
tested for virucidal properties. Of those taken early, 1 serum inactivated 
the virus completely and 3 partially (incubation period over 14 days). 
When the animals were bled again, 1 month later, none of the 4 sera gave 
any indications of the presence of virucidal substances. Serum was finally 
obtained from the 3 monkeys which survived the injection of the last dose 
of toxin. Of these 3 samples, 1 only inactivated the virus (Tables 2 and 3).* 

These experiments confirm our previous observation that active immuni- 
zation against diphtheria toxin is frequently followed by a relative increase 
in resistance to poliomyelitic infection. However, while poliocidal sub- 
stances are sometimes demonstrable in the serum of such immunized ani- 
mals, their appearance is evidently very irregular, shows no correlation to 
the degree of the antitoxic immunity and their concentration at best is only 
very weak. 


Discussion. “The important part played by non-specific agencies 
in the prophylaxis and cure of infectious diseases, particularly with 
respect to the enhancement of cellular defense activity, has long 
heen recognized by immunologists. Cross protection between two 
totally different diseases, however, rarely simulates an immuno- 


* Three of the serums which had partially inactivated the virus in our hand 
were sent to Dr. N. P. Hudson of the University of Chicago who kindly agreed to 
4 ‘arry out comparative tests. All 3 serums failed to show any evidence of virucidal 
i: power. It would seem from this experience that borderline results in neutralization 
tests which are obtained with one strain of virus and one particular technique cannot 
be duplicated at will with another strain and another technique. This fact, in our 
oa opinion, does not militate against acceptance of ‘‘partial neutralization”’ as a definite 
: phenomenon in a well controlled series carried out with highly virulent virus. It 
E. may, however, explain some of the discrepancies that have been reported from 
ig lifferent laboratories,!° except when very potent sera are examined with which full 
agreement is usually obtained." 
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logical interrelationship of the sort suggested by our experiments for 
diphtheria and poliomyelitis. It seems to us that a satisfactory 
explanation of this phenomenon cannot be given along traditional 
lines of immunological thinking. Instead of seeking for some anti- 
genic relationship we believe that the search should rather be directed 
toward the discovery of a common pathologic or physiologic reac- 
tion of the host to the two agents of disease. 


POLIOMYELITIS INFECTION IN MONKEYS AFTER AcTIVE IMMUNIZATION 
AGAINST DIPHTHERIA, 


TABLE 2. 


aoe Type of Date Result Control tesult 

L62 Toxin-antitoxin first; 5/26/34 No paralys: M42. Complete paralysis & d. 
later toxin 7/17/34 Slight paresis arms Od M76 Complete paralysis 7 d 

Li4 Toxin-antitoxin first; Died before 
later toxin infection 

L65 Toxoid first; later 5/26/34 No paralysis M42 Complete paralysis 8 d. 
toxin 7/17/34 Slight paresis arms 14d M76 Complete paralysis 7 d. 

Toxoid first; later 5/26/34 No paralysis M42 Complete paralysis 8 d. 
toxin 7/17/34 No paralysis M76 = Complete paralysis 7 d. 


TaBLe 3.—VirvucIDAL TESTS WITH SERA OF MONKEYS AFTER ACTIVE IMMUNIZATION 
AGAINST DIPHTHERIA. 


Virucidal test 


Donor Date 
monkey hited 
No Test Control 
monkey monkey 
‘ ‘ Mi Complete paralysis 9d 
4/10/34 LS2 Vo paraly Mz Complete paralysis. 6 d 
L62 5/11/34 M69 Complete paralysis 10d M70 Complete paralysis 11 d 
5/16/34 M55 No paralysis M54 Complete paralysis 6d 
> M1 Complete paralysis 9 d 
L64 4/10/34 L85 Partial paralysis de M2 Complete paralysis 6d 
5/11/34 M558 Complete paralysis 10d M54 Complete paralysis 6d 
4/10/34 M22 Slight paresis lid M32 Complete paralysis Sd 
1.65 5/11/34 M59 Partial paralysis lod M70 Complete paralysis 11 d 
5/16/34 M56 Complete paralysis 11 d M54 Complete paralysis 6 d 
4/10/34 M23 Complete paralysis 16d M32 Complete paralysis Sd 
L66 5/11/34 M100 Complete paralysis 10d M95 Complete paralysis 7d 
5/16/34 M59 Partial paralysis 9d M54 Complete paralysis 6d 


It is profitable to begin this discussion by emphasizing certain 
important analogies in the pathology of the two diseases which may 
be overlooked because of fundamental differences in the primary seat 
of the lesions. The well known neurotropism of diphtheria toxin, 
which leads to postdiphtheritic peripheral paralysis, is characteris- 
tically reflected in the frequent occurrence of acute degenerative 
changes in the central nervous system of experimental animals after 
the injection of diphtheria toxin," particularly in the spinal cor | of 
monkeys.*'’ An intimate relationship to changed endocrine func- 
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tion (thymus, pituitary, gonads, adrenal) and lymphatic hyper- 
plasia is suggested by numerous clinical and pathologic observations 
for both, and 

Obviously, any similarity in the physiologic reaction of the host 
should reveal itself most clearly in the comparative degree of sus- 
ceptibility to the two diseases. As early as 1913, the well known 
clinician Baginsky” in his monograph on diphtheria writes upon this 
subject as follows: “LT have been struck with the very extraordinary 
sensitivity of children suffering with such diseases of the central 
nervous system as poliomyelitis, spastic cerebrospinal paralysis, 
hemiplegia, ete. One is scarcely able to keep these children in the 
hospital wards free from infection with diphtheria.” Peabody, 
Draper and Dochez,! in their monographie study of poliomyelitis, 
mention the case of a “child dying of a laryngeal diphtheria two 
months after the onset of poliomyelitic paralysis affecting both 
legs.’ A similar thought is expressed ina recent paper by Seckel!4 
who discusses the predisposition of certain constitutional types to 
the severe and lethal forms of diphtheria. Thus, a group of 6 cases 
of extraordinary severe toxic diphtheria, with 5 deaths, included 2 
children which had previously been attacked by poliomyelitis. 

With the advent of the Schick test as a more convenient method 
for measuring susceptibility to diphtheria, further interesting con- 
tributions to this subject were made. During the 1916 epidemic 
of poliomyelitis in New York City, Zingher®? noted an abnormally 
high percentage of positive Schick reactions among children suffering 
from poliomyelitis (75.607) as compared with either normal children 
of similar age groups (21.4¢7) or with children sick with measles 
34.267) or scarlet fever (45.367). To quote from this author: 
“Between | and 4 years of age there is an average of over 80°, of 
positive reactions. "This percentage is based on over 1000 cases and 
can therefore be accepted as being fairly accurate. It was interest- 
ing and striking to see in the wards of the Willard Parker Hospital 
row after row of children who gave a positive Schick reaction. 
Indeed at one time the number of positive tests in this age group 
reached between 90 and 95°.’ This experience agrees well with 
our observation that the power of normal human serum to neutralize 
poliomyelitis virus frequently coincides with a negative Schick 
reaction of the individual.‘ 

Comparable data for the 1951 outbreak in New York City are 
not available. However, Landon and Smith" state that at the same 
hospital, in 1933, among 273 cases of poliomyelitis, 40°, showed 
positive Schick reactions and 51°; negative reactions, the remainder 
not having been recorded. This reduction in the number of positive 
reactors, according to these authors, “is accounted for by the fact 
hat during this fifteen-year period the widespread immunization 
! children by diphtheria toxin-antitoxin or toxoid has been carried 
out.’ Closely similar observations were made during the Philadelphia 
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epidemic in 1982 by Henry and Johnson®* who report that of 
304 poliomyelitis patients admitted to the Philadelphia Hospital 
for Contagious Diseases 51.3°% gave a history of having had diph- 
theria toxin-antitoxin previously. If we assume that a majority 
of these immunized children had also negative Schick reactions, 
one might feel inclined to take the recent observations in New York 
and Philadelphia as indicating that Schick-negativeness produced 
by artificial means has little or no effect on susceptibility to polio- 
myelitis in man. Without further statistical analysis, however, 
such a conclusion may prove erroneous. First, it should be remem- 
bered that there has been a marked trend in recent epidemics (New 
York City cases under 5 years: 1907, 86.87; 1916, 79.267; 1931, 
53.866; 1935, 82.867 Philadelphia cases under 5 vears: 1916, 71.1; 
1932, 51.5¢;) for an advance in the age line. This would tend auto- 
matically to reduce the actual number of positive tests which may 
be expected in a group of poliomyelitis patients. Second, neither 
report includes figures that permit a strict comparison with the pres- 
ent normal child population, the exact percentage of negative Schick 
reactors among which may conceivably be considerably higher 
because of widespread active immunization than the observed 
figure of roughly 50°, for the poliomyelitis patients. Finally, it 
remains to be determined whether or not preceding antidiphtheritic 
immunization, even if it fails to reduce the incidence of poliomyelitis, 
serves to lower the mortality or the frequency of severe residual 
paralysis in this disease. ‘These questions must be answered before 
any definite conclusions are warranted. ‘The point is of more than 
passing interest in view of the unexplained shift in the age distri- 
bution and the lower fatality observed in recent epidemics of polio- 
myelitis in the United States. 

We have made an attempt to gather further data on this inter- 
esting problem, particularly as regards the relative frequency of 
diphtheria and poliomyelitis in the same child. With the kind 
assistance of Dr. William H. Best, Director of the Bureau of Pre- 
ventable Diseases, New York City Department of Health, a ques- 
tionnaire was prepared which was mailed to physicians in Greater 
New York who had reported cases of infantile paralysis to the De- 
partment during the years of 1931-1952. This questionnaire asked 
for detailed information on the type of case reported, the absence 
or presence of previous attacks of diphtheria, and any other data 
which were available on preceding antidiphtheritic immunization. 
Of a total of 350 questionnaires sent out, only 182 were returned 
with partial or complete answers. Among these were 16 cases giving 
a definite history of having had diphtheria before the attack of 
poliomyelitis. This would tend to indicate a greatly increased in- 
cidence of diphtheria among our group of poliomyelitis patients 
(ages mostly 1 to 10 years) when contrasted with the attack rate 
of diphtheria for the child population at large in New York City in 
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the standard age group of 1 to 9 years during the same period which 
varied from 1.97 per 1000 to 1.2 per 1000. While the two sets of 
figures are admittedly of too uneven size for any fair comparison, 
these results reinforce the impression gained from a study of the 
literature that the type of child which is predisposed to poliomye- 
litis is also highly susceptible to diphtheria. Precise data as to the 
absence or presence of previous antidiphtheritic immunization and 
the clinical type of the disease were obtained from 165 returns. 
Among a group of 70 cases of poliomyelitis developing in children 
previously immunized against diphtheria (46 definitely stated as 
negative) 45 (64.22¢7) were of the paralytic type and 25 (35.7°7) 
were listed as abortive. The other group of 95 cases of poliomye- 
litis developing in children which gave no history of previous anti- 
diphtheritic immunization included 75 paralytic cases (78.95°7), 
and 20 abortives (21.05°7). Again, the statistical material is too 
small for any valid conclusions to be drawn although it would seem 
that the incidence of paralysis was somewhat reduced in the diph- 
theria-immune children. 

We believe that the data presented in this paper and reviewed 
above are strongly suggestive of the operation of some common 
basic mechanism which governs susceptibility and resistance to both, 
poliomyelitis and diphtheria. ‘To establish definite proof of such 
a relationship will require more extensive research. It is hoped 
that this communication will stimulate further experimental and 
epidemiologic observations ee h will he ‘Ip to clarify this problem. 

Summary and Conclusions. |. In a series of ne sutralization tests 
with 16 diphtheria antitoxic ate sera, complete inactivation of 
poliomyelitis virus occurred with four samples and partial inactiva- 
tion with one sample. There was no relationship between anti- 
toxic potency and poliocidal power. 

Three monkeys which survived a full course of active immuniza- 
tion against diphtheria were protected against intracerebral infec- 
tion with poliomyelitis virus. Upon reinfection, two animals devel- 
oped a slight paresis, the third remaining entirely free from any 
symptoms of the disease. 

3. Poliocidal substances, although occasionally demonstrable in 
the serum of diphtheria-immune monkeys, appear with marked 
irregularity, show no correlation to the degree of antitoxic immunity 
“7 their concentration at best is only very weak. 

The problem of non-specific resistance and susceptibility to 
liphtheria and poliomyelitis is discussed in the light of clinical and 
pathologic observations. 
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RELATION OF PHYSICAL DEFECTS TO NUTRITIONAL IMPAIR- 
MENT, BASED ON THE EXAMINATION OF 30,000 CHIL- 
DREN OF 21 STATES. 


PHYSICAL MEASUREMENT STUDIES NO. 5.* 


By M. Gararer, 
SENIOR STATISTICIAN, UNITED STATES PUBLIC HEALTH SERVICE. 


(From the Office of Child Hygiene Investigations, U. S. Public Health Service.) 


Or the four earlier papers! 4 of the series, two have been devoted 
to the matter of physical defects in children, and more specifically, 
to the study of the relation of physical defects to physical growth. 
It is purposed in this, the fifth paper, to examine the relation of 
physical defects to nutritional impairment, and for several reasons: 
There has been a steadily increasing interest in nutrition and its 
various ramifications; methods of measuring nutrition continue in a 
chaotic state, and while it is generally agreed that a positive asso- 
ciation exists between certain physical defects and nutritional 
impairment, there is no unanimity of thought upon the question 
of the order of magnitude of such association. 

It is unnecessary at this time to review the methods of judging 
nutrition and what are believed to be the causes and effects of mal- 
nutrition. This has been done recently by Roberts® in several 
chapters which include classified lists of pertinent references for 
further study. 

Material and Method. An opportunity to investigate the subject 
proposed is afforded by data collected by three officers of the United 
States Public Health Service in connection with the physical meas- 
urement of approximately 30,000 white children from 6 to 15 
vearst in 21 States. The officers who made the measurements are 
Drs. V2 R. Anderson, E. B. Sterling and M. V. Veldee. The 21 
States are: Maine, New Hampshire, Vermont, Massachusetts, 
Connecticut, New York, New Jersey, Pennsylvania, Minnesota, 
Wisconsin, Michigan, Indiana, Illinois, Texas, Louisiana, Arkansas, 
Tennessee, Kentucky, Missouri, Utah and Nevada. For the geo- 
graphic distribution of the children according to State and commun- 
ity and other pertinent information the reader is referred to the pre- 
vious papers of the series. 

The group of children under consideration is a homogeneous one 
in several respects: The children are native-born of white native- 
born parents and grandparents; all lived in large urban areas, and 
none seriously ill is included since all were attending school. Fur- 
thermore, grossly defective or crippled children are excluded. 

Before the child was measured and after its outer clothing had 
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been removed the nutrition was judged by the Public Health Service 
officers and recorded as excellent, good, fair, poor or very poor with- 
out reference to existing standards of height and weight. The 
nutrition of the child was judged by its general appearance, activity, 
the condition of its skin, amount of subcutaneous fat, muscle tone, 
alertness and vitality. 
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Fic. 1.—Per cent of boys and girls with and without physical defects judged poor 
or very poor with respect to nutrition. 


The presence of physical defects was also noted. These defects 
had been observed in the majority of the children by the local school 
medical officers shortly before the physical measurements were 
made, and were accepted and recorded by the officers of the Public 
Health Service as defects existing at the time of measuring. Those 
children who had not been previously examined for defects were 
examined for them by the officers making the measurements. The 
defects which include, principally, carious teeth, defective tonsils 
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and adenoids, alone or in combination, were recorded for almost 
one-half of the children measured. The reader who is interested in 
the composition of the defective group is referred to a table in an 
earlier publication’ where the number of boys and girls with recorded 
physical defects is classified according to specific defects. The small 
discrepancy between the total number of children given in the table 
and the number given later in this paper is because of the few chil- 
dren that had no nutritional status recorded for them. 

It is now logical to ask whether the physical defects as noted are 
associated with the physicians’ judgment of poor or very poor nutri- 
tion, and should an association be demonstrable it may be concladed, 
presumably, that the physical defects are associated with nutritional 
impairment. Or stating the question in other words: Are the non- 
defective and defective children different with respect to nutritional 
impairment? At the same time some light will be thrown on the 
question of the order of magnitude of the association, if present. 
Because of the small numbers resulting when the different nutri- 
tional classes are divided into groups specific for sex and age, and to 
minimize the effect of the possible existence of a difference of opinion 
among examiners as to which particular nutritional class should be 
recorded in a particular case, it was decided to combine the nutri- 
tional classes into2 broad groups: (a) Excellent, good and fair,and, 
(b) poor and very poor. The attempt to answer the question pro- 
posed includes the determination of the percentages of children 
judged poor or very poor in the non-defective and defective groups, 
specific for sex and age, followed by an investigation of the statistical 
significance of the differences between the calculated percentages. 

Results. Of the total number of 14,070 boys examined and judged 
6293 (44.7°7) had one or more physical defects recorded for them. 
Similarly, of the 14,157 girls, 68369 (45¢7) had one or more physical 
defects recorded for them. ‘Table 1 shows the number of non-defec- 
tive and defective children together with the number and per 
cent of these groups that were judged poor or very poor with respect 
to nutrition, classified according to sex and age. It will be observed 
that 6.5¢7 of the boys of all ages with physical defects had a nutri- 
tional status of poor or very poor while the per cent for the physic- 
ally non-defective is 3.8. The corresponding per cents for the girls 
are 10.2 and 54, respectively. While the difference between the 
per cents for the girlsis almost twice the corresponding difference for 
the boys, both differences, namely, 4.8 and 2.7, respectively, are 
statistically significant. In this experience, therefore, when all ages 
are combined, boys or girls with physical defects are probably differ- 
ent from boys or girls without pliysical defects with respect to nutri- 
tional impairment as judged by the physicians; in other words, 
physical defects are associated with nutritional impairment, and 
with the order of magnitude as indicated. 

With respect to specific ages, Table 1 and Fig, | show that the 
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proportion of physically defective girls judged poor or very poor in 
nutrition is consistently greater than the corresponding proportion 
for the boys. For the girls the per cents range from 4.2 to 12.9; for 
the boys, from 3.8 to 8.9. For both sexes the lowest per cent is 
yielded by the children of the youngest age. Other than this the 
two ranges of per cent shows no similarity with respect to changes 
in age. 
TaBLE 1.—NUMBER AND Per CENT OF Boys Girts Wirn anp Wrrsout 


RecorpepD Puysicat Derectrs JupGED Poor or Very Poor 
Reseect TO NUTRITION. 


[Defective group in ifalies 


Boys 
Poor or very Poor or very 
poor nutrition poor nutrition 
Age in 
years. Potal No Total No 

Allages 206 3.8 77SS 421 5.4 
O293 407 C309 10.2 
6 521 17 5 107 12 2.4 
7 725 24 3.3 744 ‘ay 5.8 
SO4 6.3 SOS 
783 0 6 0 
6.2 S54 ” 11 2 
9 S45 16 S48 45 5.3 
ve 94 10.2 
10 32 954 Hl 4 
S57 9 S70 10.7 
2s 2.8 995 63 603 
743 8s 4.4 ‘9 10.9 
12 5 1073 52 1s 
O31 i.& 12.9 
15 1122 12 3.7 1035 ob 5.4 
522 34 “5 73 4 

14 35 0 41 
426 33 14 


With regard to the sex-age specific proportions with poor or very 
poor nutrition in the non-defective as Compared with the defective 
group, the latter shows consistently higher proportions than the 
former. A probability test, however, indicates that 4 of the 1S 
possible differences between the proportions are not statistically 
significant, namely, the differences at ages 6, 9 and 11 vears for the 
boys, and at age 6 for the girls. At these ages, therefore, it cannot 
be stated that the differences between the physically non-defective 
and defective groups of this experience with respect to nutritional 
impairment are not due to chance. ‘ 

Considering the evidence given above as a whole it is sufficient 
to indicate that the physically nen-defective and the physically 
defective children differ with respect to nutritional impairment, and 
with an order of magnitude as given, 

Summary. Examination of approximately 30,000 white children, 
ages 6 through 14 years, of 21 States (representing chiefly the north- 
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eastern and central regions of the United States) showed that about 
one-half of the children had one or more recorded physical defects, 
principally carious teeth, defective tonsils and adenoids. 

It is found that 6.5¢7 of the boys with physical defects had a 
nutritional status that was judged poor or very poor, while the per 
cent for the physically non-defective is 3.8. The corresponding per 
cents for the girls are 10.2 and 5.4, respectively. The difference 
between the per cents for the physically defective and the physically 
non-defective is statistically significant for both sexes. 

The evidence presented is of sufficient weight to indicate that in 
this experience physical defects (principally carious teeth, defective 
tonsils and adenoids) are associated with nutritional impairment, 
and with an order of magnitude as given. 
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RIEDEL’S STRUMA. 
By Davin Eisen, M.B., M.Se., 


ATTENDING SURGEON, MOUNT SINAI HOSPITAL, TORONTO, CANADA, 


In 1896, Riedel reported 2 cases of a peculiar and hitherto unrec- 
ognized disease of the thyroid characterized by extreme induration 
elsenhart) and fixation of the gland. At operation, extensive 
infiltration of the vessels and nerves of the neck seemed to confirm 
Riedel’s diagnosis of malignancy and allowed only a partial resec- 
tion. The excised tissue showed a chronic inflammation and to 
Riedel’s surprise, both patients not only made an uneventful recovery 
hut subsequently showed complete resolution of the remaining 
portion of the mass. Within the next few years similar cases were 
reported by Tailhefer, Berry, Delore and Alamartine and others. 

In 1912, Hashimoto published 4 cases resembling Riedel’s struma 
clinically, but histologically showing not the prominent fibrosis 
characteristic of Riedel’s cases but rather a diffuse, lymphocytic 
infiltration with the formation of lymphoid follicles. Hashimoto 
regarded this as a new disease and named it “struma lymphoma- 


tosa.”’ The relationship of this condition to Riedel’s struma has 
seen discussed elsewhere. 
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The first cases on this continent were reported by Thomas and 


Webb in 1923, followed by Bohan, St. George, Meeker, Smith and i 
Clute and others. On examination of the reported cases it was found : 
that in many the history was meagre or absent and in some the i 
diagnosis was made on purely clinical grounds. For various reasons } 
it was found that of 187 published cases from 91 sources reported ; 
up to July, 1982, all but 82 had to be rejected (‘Table 1). : 
TaBLe 1.-—-Cases or RIeEpEL’s Struma. 
Author. Date. Cases Ace'd tej'd Case No 

Semple l 1 4 

W oelfler . . 1883 l l 

Bowlby ISS5S 1 

Riedel 1S96 2 

Cordua ; l 1 | 

Riedel. 1S97 l 

Tailhefer 1SYS 5 5 fe 9 

Kuettner 1S9S 2 1” l = 

Loewy and Loeper . . 1899 

Viannay 1900 1 1 

Ricard ‘ L901 l 1 

Walther. 1901 2 2 

Poirier . 1901 l l 

Berger . 1901 1 l 

Berry 1901 3 ' 2 3° 

Poncet 1901 4 4 

Ourmanoff 1902 1 l 

Genet 1904 1 1 

Chalier . . 1907 l 1 

Jaboulay 1907 l 1 

Poncet and Leriche 1909 l l q 

Schloffer 1909 l 

Spannaus 1910 1 1 

Delore and Alamartine . 1911 3 i 2 1’ 

Barjon . : 1911 l l 

Sebileau 1911 2 

Hashimoto 1912 4 4 

Meyer . 1912 1 l 

Murray and Southam 1912 l l 

Vogel, R. : 1912 l 1 

Simon . l l 

Wrede 1914 1 l 

Cavalli . . 1914 l 1 

Heineke ; . . 1914 2 2 

Bruenger 1914 3 ; 

Balfour 191S | l 

Nicholson . 1921 l l 

Kleinschmidt . 1921 l 1 

Berry l 1 

Reist 1922 6 3 

Erkes 1922 1 1 4 

Rehn . 1922 l 1 

Haberer ; . 1922 1 1 

Simmonds « 20 20 

Mysch. ... . 1923 1 1 3 

Monod . . 1923 3 2 

Thomas and Webb. . 1923 1 1 
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Tasie 1.—Cases or RiepE.’s SrruMA.—(Continued.) 


Author Date. Cases. Ace'd.  Rej'd Case No. 
Bohan . . 1924 1 1 
St. George 1924 3 2’ 
Meeker 1925 1 1 
i Shaw and Smith 1925 6 4’ 2 3’ 4’ 5’ 6’ 
Hahn 1925 1 1 
7 Smith and Clute 1926 5 5 
Maloney 1026 3 2’ 1 
4 Searls and Bartlett 1926 2 2 
; Gruenberg 1926 1 l 
Manninger 1926 1 l 
Agnoli 1926 2 2 
Schmincke 1926 1 
4 Wegelin 1926 1 l 
Payr 1927 5 5 
Tucker and Gertz 1927 1 1 
Matthews 1927 l 1 
Schultz 1927 3 3 
Perman and Wahlgren 1927 l 1 
Johnson 1925 1 
Mallet-Guy et al. 1928 1 1 
Wingate 1929 2 2 
Boyd 1929 1 1 
Heyd 1929 2 1 1 
Kent 1929 2 2 
Eenderlen 1929 ] l 
Hellner 1929 1 1 
Pluecker 1929 1 1 
Eberts et al. 1929 1 1 
Maloney 19290 3 3 
Kreuzbauer 1930 5 i 4 j 
Austin 1930 2 2 
Vogel. 1930 2 2 
3 Bothe 1931 l 1 
Roulet 1931 3 a 2 2’ 
3 Traum 1931 l 1 
Kreuzbauer . 1931 1 
Prati 1931 2 2 
Graham and MeCullagh 1931 4 4 
Diez 1932 2 2 
Joll 1932 
S2 105 
: The figures in the right hand column indicate the case number of the accepted 
case. Cases were rejected for one or more of the following reasons. 
1. Incomplete clinical data (49 cases). 
2. Diagnosis not confirmed by histologic examination (15 cases). 
3. Diagnosis not warranted by clinical or histologic findings (30 cases). 
4. Previously published by same or other author (11 cases). 
Incidence. An outstanding feature of this disease is its rarity. 
4 Riedel thought this to be apparent rather than real, due to its 
% tendency to spontaneous regression. In Table 2 is shown the inci- 
x dence of the disease in various clinics. 
a Of the 82 cases under study 72°; occurred in women. In Pember- 
Fe ton’s unpublished series of 34 cases there was an 82°; female inci- 


dence. 
The youngest proven published cases were 23 years of age. One 


>. 
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patient in Pemberton’s series was 19. The oldest published case was 
a man aged 78; 60°; of the cases occurred in the fourth and fifth 
decades, 14°; in the third and a similar number in the = sixth 
decades. 
TaBLe 2.—TuHE INcIDENCE OF RIEDEL’S SrRUMA IN PROPORTION TO ToTAL 
THYROIDECTOMIES. 


Phyroid- 


Author. ectomies Riedel's Per cent 
Schloffer 150 l 0 20 
Riedel 1,064 3 0 2S 
Berry. 500 1 0 20 
Schultz 305 0 9S 
Smith and Clute 200 5 0 41 
Enderlen 3,396 0.03 
Jackson 2 000 0.05 
Eberts al. 1,050 1 0.10 
Frazier 1,551 H 0 26 
Pemberton 12,219 34 0 2S 
Joll 2 000 4 0 40 
Graham 17 27 0.15 
Fisen 2 40S 0 24 

16.4690 0.20 


Ktiology and Pathogenesis. The early writers regarded the condi- 
tion as a fibroma (Bowlby, Ricard), as a type of cirrhosis (Riedel, 
Tomaselli, Crotti) or as an especially slow-growing form of  scir- 
rhous cancer (Poncet, von Eiselsberg). A syphilitic basis for this 
disease was long maintained (huettner, Delore and Alamartine, 
Monod); in not one of the 82 cases, however, was there any evidence 
of lues. Until quite recently the condition was regarded by some 
(Schloffer, Phiommer and Broders, Crotti) as tuberculous, but, of late, 
this view has been largely abandoned. The modern tendencies have 
been to regard it as a chronic inflammatory process, a granuloma 
or as an involutionary phenomenon. The granuloma theory was 
first suggested by Meyer who noted in his case plasma cells and 
eosinophils, as Hodgkin's disease, but without the characteristic 
Sternberg cells. This view is shared by Ewing, Meeker and Schultz. 

Williamson and Pearse, upon morphologic grounds, regard Riedel's 
struma as synonymous with “Iyvinph-adenoid goiter.” It represents 
to them a physiologic insufficiency, the lymphocytic reaction being 
proportional to the failure of the hyperplastic effort. This view 
does not explain the characteristic extrathyroid involvement asso- 
ciated with Riedel’s struma, so that Joll restricts this pathogenesis 
to those cases of the “Hashimoto type” without extracapsular 
extension. 

The inflammation theory is based upon the obvious fact that 
both clinically and pathologically the disease presents many of the 
characteristics of an inflammatory process. As opposed to. this 
hypothesis, however, it has been pointed out (Marine, von Werdt) 
that too much importance should not be assigned to the presence of 
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Ivinphocytes and fibrous tissue since these may not have the same 
significance in the thyroid as elsewhere in the body. Marine regards 


‘their proliferation as part of the general thyroid reaction during 


active hyperplasia (see Williamson and Pearse, Joll). 

Since thyroiditis is never primary (Nocher, Marine) foci of infec- 
tion have been sought in the teeth (Bohan) and in the pharynx 
and tonsils (Monod, Meeker, Kocher, Kent, Searls and Bartlett). 
The causative agent has been thought to be the staphylococcus 
(Tailhefer), Streptococcus viridans (Searls and Bartlett), rheuma- 
tism (Vogel, Simmonds), influenza (Erkes, Wegelin, Redner) and a 
leptothrix (Meeker). 

A history of pre-existing goiter was found in 37°) of the cases. 
In 4 of my own there were associated adenomata, but these clearly 
did not enter into the pathologic picture. 

Ewing's views as to the unity of Hashimoto's struma and Riedel’s 
struma were challenged by Perman and Wahlgren and, more re- 
cently, by Graham who regards Hashimoto's struma as an involu- 
tional disease with local symptoms in the thyroid. Riedel’s struma 
he believes to be a local condition with general manifestations only 
insofar as might result from the strategic position of the thyroid. 
This subject has been discussed at length in a previous paper. 

Symptomatology. The outstanding symptom = present all 
cases Was a swelling in the neck. Dyspnea on exertion was present 
in about half of the cases. Dysphonia and mild hyperthyroid symp- 
toms were present in between 25 and 3007 of the cases. Pain and 
dysphagia were found in less than 2007 of the cases. About 20% 
complained of a “choking feeling.” The latter is probably mechan- 
ical in nature and is characteristically associated with suffocative 
attacks in bed. The pain is present in the mass itself and radiates 
up to the ear or down to the shoulders or chest. The duration of 
the symptoms averaged 10 months. 

Examination. The general appearance was that of a patient 
with a goiter of slight activity. The average temperature was 98.5, 
pulse 90, respiratory rate 20 and blood pressure 130,82. The condi- 
tion Was unilateral in 40°;. The size of the mass, as determined by 
clinical examination, varied from that of a hazel-nut to that of an 
orange. In 3 cases there was substernal extension. There was in 
all cases a marked induration. In } of the cases there was a decrease 
in mobility down to complete fixation. 

The lymph nodes were uninvolved. The skin was not altered or 
adherent. Suppuration was absent. The trachea was compressed 
or deviated in 16 cases. Vocal cord paralysis was found in 1 reported 
case and in 4 of Pemberton’s series. 

The average pre-operative B.M.R. was +10. The hemoglobin 
overaged 82°, and the red cell count 4,746,000. The average white 

ell count was 8900 with a normal differential count. Serologic tests 
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for syphilis and tuberculosis were negative. The blood chemistry 4 AN! 5 


was normal. 

Differential Diagnosis. In 66°; of the cases the clinical diagnosis¢ 
was some form of malignancy. A correct pre-operative diagnosis 
of Riedel’s struma was made in only 5 cases. In the differential 
diagnosis one must consider cancer, infection, tuberculosis and 
syphilis of the thyroid, actinomycosis and woody phlegmon of the 
neck. 

According to Crile cancer occurs in about 2° of thyroidectomies 

about 10 times more frequently than does Riedel’s struma. The 
incidence is greatest in patients over 45. In of the cases (Dins- 
more) the malignant process becomes engrafted upon a pre-existing 
adenoma. Growth is apt to be progressive. Rapid growth with 
general good health favors the diagnosis of Riedel’s disease. In 
cancer, involvement of the regional lymphatics is the rule and the 
skin is apt to be attached to the mass. ‘These findings are not present 
in Riedel’s struma. Pain is more frequent in cancer; so is dysphagia 
(Murray and Southam, Bohan). In cancer, the surface is apt to 
be nodular; in Riedel’s disease, it is smooth. Cancer is apt to be 
associated with interference with circulation; Riedel’s struma, even 
in the presence of a large tumor (Reist) is not. 

Infectious thyroiditis is due to a focus of infection most often, 
according to Kocher, in the gastro-intestinal tract. A history of 
recent infection is, therefore, in favor of thyroiditis. In this condi- 
tion, moreover, hyperthyroid symptoms are apt to be more promi- 
nent, the gland is not so hard and extensive adhesions are not likely 
to be present. The large vessels are pushed aside rather than infil- 
trated as in Riedel’s struma. Redness, tenderness, adhesions to the 
skin, the presence of pus or of any evidence of a constitutional 
reaction such as fever or leukocytosis are in favor of infectious 
thyroiditis and exclude Riedel’s disease. 

Tuberculosis may occur in the thyroid in a hypertrophic form 
with a solid gland rapidly growing in size and infiltrating the sur- 
rounding tissues. The mass is hard and sensitive on pressure. 
Adhesions are numerous but not very firm. Lymph node involve- 
ment is the rule. There may be a slight temperature and the condi- 
tion is more apt to be associated with hyperthyroidism than is 
Riedel’s struma. Occasionally there may be an abscess which 
ruptures through the skin. Postoperative hyperthyroidism is rare 
in contradistinction to Riedel’s struma. Stigmata of tuberculosis 
may be found on general examination. 

The gumma, which is the form of syphilis of surgical importance, 
usually causes only a moderate enlargement. It occurs usually in 
women between 25 and 45 and in about half of the cases there is a 
previous history of goiter. It can be differentiated from Riedel’s 
struma by the following characteristics. The skin is frequently 
reddened and usually tender. The surface of the mass is usually 


> 


| 


A 


RISEN: RIEDEL’S STRUMA O79 


soft and occasionally nodular. Fixation is rare. The regional 
lvmph nodes are enlarged and there is a tendency for the mass to 
suppurate. Constitutional evidences of syphilis should be sought 
in the patient’s history and by the employment of serologic tests. 

Woody phlegmon of the neck is a chronic condition found in men 
in middle life in a depreciated state of health. There is usually 
antecedent infection of the mouth, pharynx or salivary glands. 
The mass is very hard and the overlying skin wine-colored and 
adherent. The general tendency is toward recovery but fatalities 
may occur through edema of the larynx, pressure or exhaustion. 

Actinomycosis of the thyroid is characterized, in its early stages, 
by a boardlike induration of the neck with a typical discoloration 
of the skin. Later there is softening and ultimately sinus formation 
with the discharge of characteristic yellow granules. 

Treatment. Riedel’s opinion that the condition is self-limited 
has been supported by some modern writers (Manninger, Sloan). 
The majority, however, favor some form of treatment. 

Various medicaments have been tried without any definite 
benefit. Good results have been reported following radiotherapy 
(Delore and Alamartine, Crile, Ewing) particularly postoperative 
radiation (Payr, Ewing, Hellner). Of 8 patients that had received 
Roentgen ray treatment, + showed definite improvement (Silatschek, 
Heineke, Hellner, Schloffer). 

In the surgical management of the disease it has been observed 
that removal of only a small section characteristically results in the 
subsequent complete disappearance of the swelling. Riedel believed 
that the operation in itself initiated a curative process, an effect 
compared by some writers to that in tuberculous peritonitis. Dem- 
onstrable at operation, which they serve to complicate, are dense 
adhesions between the thyroid and other structures of the front of 
the neck. In about 60°) of the cases these were sufficiently dense 
to hamper the operative procedure. The capsule was involved in 
10°%; the carotid sheath in 35°%. The trachea was compressed or 
deviated in over 40°; of the cases; the esophagus in only 10¢;. In 
about half of the cases a partial resection was done; in about one- 
third a subtotal resection. The remaining cases had a single lobec- 
tomy or a biopsy. The actual amount of tissue removed averaged 
about 90 gm. Four cases required a tracheotomy. 

Results and Prognosis. In 62 cases in which sufficient data are 
supplied for the results to be evaluated 11 (18°7) were cured; 37 

067) were improved; 4 (6°7) died, and in 10 (167) the condition 
recurred. Under “cured” are included those cases wherein there 
vas a disappearance of the tumor with relief from all associated 
ymptoms with no postoperative complications. Practically the 
ame results were obtained irrespective of the surgical procedure or 
‘he amount of tissue excised. 

Postoperative hypothyroidism was found in 430; of the reported 
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vases and in 68°; of Pemberton’s series. The tendency to the devel- 
opment of hypothyroidism was found to be proportional to the 
amount of tissue resected. In at least 2 cases definite hypothyroid- 
ism was found before operation. Undoubtedly the disease process 
itself is a potent factor in its production. The average postoperative 
basal metabolism was — 10. 

Of the 10 patients that had recurrence 6 were subjected to a second 
operation from 6 months to 2 years after the first. In 5, a permanent 
cure resulted, while in 1, the residual tumor did not disappear until 
after removal of a focus of infection in the patient's teeth. The 
amount of tissue excised did not appear to be the determining factor 
in the recurrence since these patients were, on the whole, submitted 
to the same operative procedures as those that did not develop a 
recurrence. 

Pathologic Anatomy. The amount of involvement varied from 
a pea-sized nodule (Bothe) to extensive infiltration of the vessels 
of the neck to the base of the skull and down into the mediastinum 
(Bowlby, Berry, Meyer, Tailhefer). The surface of the mass is 
usually smooth. The color may be yellowish, gray or pink. The 
consistency has been compared to wood (woody thyroiditis), bone, 
stone and iron (Riedel). On section it cuts like cartilage and the 
mass creaks under the knife. The cut surface is fibrous in appear- 
ance. The capsule is usually thickened. The normal lobulations 
may be completely destroyed. The regional lymph nodes are not 
involved. 

Microscopically, there is an infiltration with round cells and 
fibroblasts and adult fibrous tissue choking off the remaining thyroid 
cells into isolated islands. There may be pseudo-giant cells and 
enlarged thyroid cells arranged into fetal-looking acini. Hashimoto's 
and Meyer's findings have already been mentioned. Meeker’s 
finding of the remains of the postbranchial body and its duct within 
the mass have not been duplicated. Shaw and Smith observed 
frequent mitoses in the cells of the fetal alveoli and fibrous replace- 
ment of the round cells. They noted also a tendency to fibrosis in 
the secondary centers of the lymphoid follicles, a finding that I can 
confirm. 


Case Reports. Case 1.—Mrs. L. B., aged 56, admitted September 22, 
1925, complained of a swelling of the neck and nervousness of 6 years’ dura- 
tion. During this time she had put on 45 pounds in weight. Three years 
ago she became dyspneic on exertion and the lump began to grow rapidly, 
associated with difficulty in swallowing. General examination was negative. 
Her pulse was 84 and blood pressure 145/84. There was a firm, non-tender, 
nodular mass in the right lobe of the thyroid and the isthmus, which moved 
on swallowing. The clinical diagnosis was adenomatous goiter. At opera- 
tion on the following day, the isthmus and both lobes were resected without 
undue difficulty. The postoperative course Was uneventful and the patient 
was discharged on the 18th day. Two months after the operation she showed 
clinical evidences of hypothyroidism with a B.M.R. of —21, for which she 
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Fig. 1.-—(Case 1. Mitochondria. The active new epithelial cells contain many 
mitochondrial granules. The degenerated cells contain none. 


Fig. 2.— (Case 2 Acinar colloid and its contained cells. The latter show phago- 


ceyted colloid particles. The colloid shows numerous vacuoles. 


(Case 2.) Round-cell infiltration about an acinus, the lining cells of which 
are undergoing hydropic degeneration. 
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Fig. 4.—(Case 4.) Young fibrous tissue with fibroblasts replacing a round-cell 
infiltration. The acinar cells have disappeared in some alveoli. In others it is in 
the process of undergoing hydropic degeneration. 


Fic. 5.—(Case 4.) An acinus, the lining epithelial cells of which have been com- 
pletely replaced by fibrous tissue. The colloid content is largely composed of lymph- 
ocytes and endothelial cells. 
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Fic. 6.— (Case 4.) Pseudo giant cell of colloid type within an alveolus. 
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was given thyroid extract grains 3 per day. On March 17, 1933, she felt 
well and showed, on examination, no sign of recurrence. 

Pathologic Examination. The capsule is thin and the gland firm and 
friable. On section it is homogeneous and pinkish-gray in color and is 
divided into uneven lobes by fibrous septa springing from the capsule. 

Microscopically, the epithelium is arranged in small, round acini most of 
which contain colloid, in strands, small, irregular nests or isolated cells. 
The cells are larger than normal with a vesicular nucleus and a prominent 
nucleolus. The cytoplasm is granular. The epithelial cells are degenerated, 
either in the hydropic form with final rupture of the cell wall and extrusion 
of the cytoplasm into the acinus, or in the pyknotic form with fragmenta- 
tion of the nucleus, its extrusion and ultimate phagocytosis. Completely 
degenerated epithelial cells are replaced by round cells. Enmeshed within 
the acinar colloid can be seen desquamated acinar cells, lymphocytes, 
plasma cells and, more rarely, polymorphs, fibroblasts and mononuclears. 
Some of these cells show a halo of phagocyted colloid about them. 

The cellular infiltration consists chiefly of small lymphocytes, epithelioid 
cells and a varying number of plasma cells. Polymorphs are infrequent. 
The lymphocytes occur as a diffuse infiltration and as aggregated follicles, 
most of which show secondary centers with a border of one or two rows of 
epithelioid cells and a thin-walled bloodvessel in the center. Also present 
are reticulum cells and lymphoblasts, the latter showing frequent mitotic 
figures. Pseudo giant cells are frequent and appear to be formed of a mass 
of colloid with desquamated epithelial cells arranged about its periphery. 

Fibrous tissue is not prominent and consists mostly of young collagen 
fibrils with numerous fibroblasts. The fibrils are frequently hyalin and 
appear to spring from the septa that extend froin the capsule. They ramify 
into small divisions which infiltrate between the alveoli and the cell nests. 
The vascularity does not appear increased. There is a slight thickening of 
the intima and slight periarterial fibrosis. 

Case 2.—Mrs. M. 38., aged 49, was first seen on May 23, 1929. Her 
illness began 5 months previously with loss of appetite and weight (15 
pounds), fatigability, dyspnea and palpitation on exertion. On examina- 
tion her pulse was 100 and blood pressure 110/78. General examination 
was negative, The neck showed a firm enlargement of the right lobe of the 
thyroid and the isthmus. There was a slight thrill over each superior pole. 
The clinical diagnosis was Graves’ disease. At operation, on the day fol- 
lowing admission, the gland was found to be strikingly hard, suggesting 
carcinoma. No lymph nodes were palpable. The subcutaneous tissues 
were of a gummy, leathery character. The perithyroid muscles were firmly 
stuck to the gland which was friable and difficult to clamp. Both lobes and 
isthmus were resected. On March 17, 1933, the patient had no complaints 
except for a tired feeling and no objective signs of recurrence. A slight 
hypothyroidism (B.M.R. —10) was under control with thyroid extract 
gr. i per day. 

Pathologic Examination. The tissue is firm and inelastic, with a smooth, 
rounded surface with a thin capsule. The cut surface is opaque and whitish 
with a marked increase in connective tissue. 

Microscopically, the involved areas show proliferation of the interstitial 
cells with the formation of immature follicles. These cells are larger than 
normal and have an oval, brightly staining nucleus and occasionally show 
evidences of degeneration. The process is more advanced than in Case 1 as 
evidenced by the presence of acini lined with fibrous tissue only. Pseudo- 
giant cells of the colloid type are present. The outstanding characteristic 
is the large amount of fibrous tissue, which is present in bands which seem 
to surround and choke off groups of epithelial cells and follicles. Occasion- 
ally it is seen in the process of replacing the round cells which are of the 
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same type and in the same proportion as in Case 1. The bloodvessels, 
however, show a more advanced intimal thickening and periarterial fibrosis. 

Case 3.—Mr. W. G., aged 42, was admitted on November 12, 1930. 
About 2 years previously he began to lose strength, appetite and weight 
(45 pounds in 2 months!) followed by prominence of the eyes and other 
hyperthyroid symptoms. There was a temporary improvement with the 
use of Lugol’s solution, followed by a relapse. On examination the pulse 
was 108 and the blood-pressure 128/80. The patient showed the general 
findings and eye signs of Graves’ disease. The thyroid felt grossly lobulated 
and finely granular. It was markedly hard and adherent to the underlying 
tissues. Each lobe was about the size of a turkey egg. There were no 
thrills or bruits. At operation, 2 days later, the enlarged lobes and isthmus 
felt hard and lumpy. There was a large amount of colloid. There was a 
calcified adenoma at the left lower pole. On August 1, 1932, this patient 
had no complaints and showed no evidences of recurrence. 

Pathologic Examination. The capsule is thin and the surface pinkish and 
semitranslucent. On section there is a very marked diffuse increase in scar 
tissue throughout the lobe. 

Microscopically, there is to be seen a thick, compact, fibrous connective- 
tissue stroma including small islands of medium-sized acini which show a 
moderate hyperplasia. The fibrous tissue appears to be old and shows, in 
some areas, a moderate small round-cell infiltration. There is some in- 
creased lymphoid deposit. There is evidence of degeneration and atrophy 
of the acinar cells, and also, apparently of the newly-formed large epithelial 
cells arranged in clusters or in small, round acini. 

Case 4.—Mrs. F. F., aged 56, sought advice on May 12, 1931, because 
of a swelling in the neck associated with headache, loss of appetite, insomnia 
and palpitation of 2 months’ duration. Later there was dysphagia and the 
usual symptoms of hyperthyroidism. Her pulse was SO and the blood pres- 
sure 144/90. General examination was negative except for poor teeth. Both 
lobes of the thyroid were hard and tender. No definite thrills or bruits. 
The clinical diagnosis was exophthalmic goiter. At operation | week later 
the ribbon muscles were found to be fused with the gland substance which 
latter presented a whitish, sclerotic appearance. As Riedel’s struma was 
suggested, the usual radical procedure was not followed. About one-half 
of the right and one-third of the left lobe were resected. The trachea was 
exposed and freed to prevent future compression. The patient developed 
a mild hypothyroidism 6 months after operation (B.M.R. —7) which was 
corrected with thyroid extract (gr. i per day). On January 24, 1933, she 
reported a return of all her symptoms although there was no objective 
evidence of recurrence. 

Pathologic Examination. Both lobes are grayish in color, somewhat 
mottled with small hemorrhagic spots. The capsule is smooth but markedly 
thickened. Consistency is firm and mildly elastic. The cut surface is 
yellowish and mottled, and shows large bands of scar tissue radiating in all 
directions from the capsule. In the lower portion of the right lobe there is 
a fetal adenoma measuring 0.5 cm. in diameter. 

Microscopically, the epithelium in the involved areas is seen to be in the 
form of young follicles with or without a lumen; with less frequency, hyper- 
plastic alveoli are to be seen. Hydropic degeneration with karyolysis is 
seen everywhere. In the early stages of this process disappearance of the 
individual cell outlines of an acinus gives the impression of an alveolus 
lined by a syncytial mass of epithelium. The same process in an epithelial 
cell cluster leads to the formation of one type of pseudo giant cell. Ocea- 
sionally a true Langhans foreign-body giant cell is seen. The cellular infil- 
tration is of about the same character as in the previous cases. Fibrous 
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tissue replacement is active and is evident as richly-nucleated collagen 
fibrils ramifying between the alveoli and cells. 

Case 5.—Mrs. L. Y., aged 54, was seen on December 4, 1930, because of 
a choking feeling associated with weakness and fatigue. Her symptoms 
began S months previously with pains in the left shoulder and arm, extend- 
ing upward to the mastoid. She felt tired and weak and occasionally breath- 
less. Her pulse was SO and the blood pressure 154/100. On examination 
the face was pale and somewhat puffy. The thyroid was enlarged, firm and 
lobulated and, in the course of the next 6 months, it became strikingly hard. 
The B.M.R. was —21. Four months later she became hoarse. The clinical 
diagnosis rested between Riedel’s struma and carcinoma. At operation, 
on October 29, 1931, the thyroid appeared pinkish-white and hard. The 
capsule was much thickened. The isthmus and both lobes were excised. 
Seven months after operation the patient developed a hypothyroidism with 
a B.M.R. of —2S which was corrected with thyroid extract (gr. iv per day). 
On March 23, 1933, the patient complained only of a slight dyspnea on 
exertion. Her pulse was 90 and blood pressure 170/104 and her B.M.R. —4. 
There was no sign of recurrence. 

Pathologic Examination. The tissue is firm and almost cartilaginous in 
consistency. On section, there is a diffuse, well-marked infiltration with 
scar tissue and a well-encapsulated adenoma at the left upper pole. 

Microscopically, the lesion is less diffuse than in the previous cases. The 
involved portions are traversed by bands of fibrous tissue rather richly 
nucleated. Enmeshed in these are groups of alveoli and occasionally 
pseudo giant cells containing many nuclei. There is evident hyperplasia 
of the acinar and interstitial epithelial cells. Nuclear remains are scattered 
about. Fibrosis is the prominent element in the picture. 

Case 6.—Mrs. A. 8. M., aged 38, was seen on January 24, 1933, com- 
plaining of a lump in the throat associated with hyperthyroid symptoms for 
the past 15 vears but aggravated in the past 3 months following the removal 
of teeth. Her pulse was S82 and the blood pressure 130/70. There was 
advanced pyorrhea. There was a fine tremor of the fingers. The thyroid 
was slightly enlarged and finely lobulated. Two adenomata could be felt 
in the left lobe. There were mild pulses at the poles. The clinical diagnosis 
was adenomatous goiter. At operation on February 17, 1933, there was 
found adhesions between the capsule and the perithyroid muscles. A 
bilateral resection was done. The patient was discharged 10 days after oper- 
ation with a B.M.R. of —14. One month later she complained of a lump 
in the throat and pains in the left side of the neck radiating to the temple 
and down the left arm. 

Pathologic Eramination. The tissue is firm, rubbery and pinkish in color. 
On section, it shows an unusually marked scar tissue infiltration with little 
gross evidence of hyperplasia. 

Microscopically, in the lightly involved areas there was a definite hyper- 
plasia of the interstitial cells resembling, in many areas, the picture of diffuse 
idenomatosis (Goetsch). Elsewhere there were large epithelial cells oeca- 
sionally showing degeneration. The colloid frequently showed numbers 
cells enmeshed within it. The round cells are proliferated diffusely 
and are also aggregated into follicles with germinal centers. The latter 
liffer from those seen in Case 1 in being irregular in shape and much larger 

mopared to the size of the follicle. They are also not surrounded by such 
regular, concentric layers of endothelial cells. Frequently there appears 
‘o be a central necrosis within such a germinal center. There are no true 
vant cells and one pseudo giant cell is noted. There is a large amount of 
rous tissue and the vascularity is increased slightly. The appearance is 
milar to that in Case 1 but in a more advanced state. 
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Case 7.—Mrs. E. J., aged 51, was admitted May 5, 1933. She had had 
a goiter for the last 28 years, associated, in the past 15 years, with nervous- 
ness, dizzy spells and indigestion. Six months previous to admission she 
began to have definite hyperthyroid symptoms and 4 months later she 
noticed that the goiter had extended across the midline from the right to the 
left side. With this was associated pain in the back of the neck radiating 
up to both ears. The pulse was 88 and the blood pressure 160/84. There 
was slight prominence and lid lag in both eves. The heart showed an apical 
systolic murmur. Both lobes were nodular and very hard. The clinical 
diagnosis Was adenomatous goiter. At operation, on May 17, 1933, the pre- 
thyroid muscles were found to be adherent to the gland which was grayish- 
white in color, moderately enlarged and very hard. Both lobes were fused 
over the midline forming a single hard mass. The trachea was exposed with 
some difficulty. The condition was recognized as Riedel’s struma, hence 
a very conservative resection was done with removal of only 50% of the 
gland to guard against hypothyroidism. The patient was discharged 10 
days after operation with a B.M.R. of +4 and feeling slightly improved. 

Pathologic Examination. Both lobes are firm and inelastic. The capsule 
is thickened. On section, there is a very marked infiltration with scar 
tissue, between the bands of which are relatively small areas of thyroid 
tissue, containing very little macroscopic acini and colloid. 

Microscopically, there is a very marked infiltration with scar tissue which 
is extensively infiltrated with lymphocytes. The latter are collected into 
small follicles which occasionally possess a germinal center. There is an 
increased amount of thyroid gland structure composed of hypertrophic 
epithelial cells which are occasionally found in small lobules and in other 
instances as isolated acini. The latter are small, regular in outline, filled 
with colloid and lined with flattened cells. The bloodvessels show consider- 
able thickening of their coats. 


Mitochondrial Studies. Goetsch has demonstrated that activity 
in thyroid epithelium can be gauged by a study of the mitochondrial 
content of the cytoplasm. This seems to the writer to present an 
accurate method of definitely establishing the significance of the 
hypertrophic epithelial cells characteristic of Riedel’s struma. 
Studies were made upon Cases 1 and 5. The technique was that of 
Cowdry. 

The mitochondria in both cases were of the ‘‘rod”’ type. In Case 1, 
in which no preoperative iodin had been administered, the cells 
of the older thyroid acini and the new hypertrophied cells were 
found densely packed with the reddish granules. The cells which 
were undergoing degeneration showed few or no granules but rather 
larger black droplets of fat. In Case 5, in which pre-operative iodin 
had been administered, practically no mitochondria were found. 

I interpret these apparently paradoxical findings as follows: 
The results in Case 1 indicate a profound activity in the hyper- 
plastic and hypertrophied new epithelium and doubtless represent 
an effort at compensation for destruction of the older alveoli. The 
lack of mitochondria in Case 5 is due, I believe, to the fact that 
the iodin, even in the small quantities administered, was sufficient 
to inactivate the epithelial cells to the degree indicated by the 
findings. 
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Discussion. We may now attempt to reconstruct the various 
changes that take place in Riedel’s struma. We do not know 
whether the round-cell infiltration is primary and causes the degener- 
ative changes in the epithelial cells; or whether, on the other hand, 
this infiltration, together with the degenerative changes, are both 
brought about by the same noxus. In any case, the first anatomical 
changes to be noticed are the infiltration throughout the gland of 
lymphocytes, plasma cells, endothelial cells, and a small number 
of polymorphs and fibroblasts, accompanied by degenerative changes 
in the epithelium. These are usually of a hydropic type with karyo- 
lysis. Less often there are pyknotic changes in the nucleus with 
karyorrhexis. In either case, there is anatomic replacement of 
these degenerated epithelial cells by round cells. Functional replace- 
ment is represented by hyperplastic changes in the old alveoli and 
by the formation of new hypertrophied epithelial cells arranged in 
clusters, or in fetal looking alveoli. That these new cells are active 
is indicated by mitochondrial studies. 

During this time, a proliferation of fibrous tissue throughout the 
gland forms bands which extend as septa from the capsule and 
divide the lobe into smaller and smaller lobules ultimately forming 
fine branches which infiltrate between the alveoli and the interstitial 
cells. Gradually they replace the round cells, so that finally the 
acini are lined by fibrous tissue only. In a similar manner, fibrous 
tissue replacement takes place within the germinal centers, which 
seem more prone to this fibrosis than the rest of the lymphoid 
follicle. With increasing fibrosis, the acini are squeezed into odd, 
linear, shapes. At this stage true Langhans giant cells have been 
seen. 

Degeneration and functional replacement of epithelium do not 
continue indefinitely. In the course of time either of two eventuali- 
ties may happen. The original noxus may cease to be active so 
that the degenerative process may slow down until a condition of 
equilibrium is attained. On the other hand, the noxus may con- 
tinue to act until there sets in, ultimately, an exhaustion of the epi- 
thelium which is then replaced anatomically only by round cells 
and finally by fibroblasts. In the former eventuality which, as in 
ltiedel’s Case 3, may set in many years after the commencement of 
the disease, a clinical cure will result. In the latter process of events 
the ease goes on to myxedema. 

The presence of adenomata in the affected glands seems to be a 
incidental finding only since in none of the 4 cases in our series 
1 which this occurred was the adenoma in any way involved in the 

lisease process. 

Summary. An analysis is presented of 82 cases of Riedel’s 
truma, representing all the acceptable cases that could be found 
iter an exhaustive search of the literature up to July, 1932. In 
ddition statistics as to the incidence of the disease are presented 
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on 46,317 thyroidectomies. [report also 7 hitherto unpublished 
cases. On the basis of an analysis of the above material the follow- 
ing facts may be regarded as established. 

Riedel’s struma occurs in 0.20¢; of thyroidectomies and 3 times 
as frequently in women as in men. In both sexes it is found usually 
in the fifth decade, the average age being 44. 

The outstanding theories as to its pathogenesis are that it is a 
primary thyroiditis, a benign form of granuloma, or that it represents 
a faulty involution of the thyroid. 

The outstanding symptoms are the presence of a mass in the neck, 
dyspnea on exertion, voice changes, mild hyperthyroid symptoms 
and less frequently, pain and dysphagia. 

The gland may be symmetrically enlarged or the disease may 
affect one lobe only. The size of the involved area varies from that 
of a pea to a large mass extending along the vessels of the neck from 
the base of the skull downward into the mediastinum. The lesion 
characteristically shows induration of various degrees. The surface 
is more often smooth than nodular. About one-half of the cases 
show fixation of the gland. There is no involvement of the regional! 
lymph nodes. The skin is neither reddened, tender, nor adherent 
to the mass. Suppuration never occurs. Evidences of interference 
with circulation are not found. 

The average pre-operative B.M.R. is +10; postoperative —10. 
There may be a slight anemia, otherwise the various tests of the 
blood and urine are negative. 

The disease must be differentiated from malignancy, infectious 
thyroiditis, tuberculosis and syphilis of the thyroid, actinomycosis 
and woody phlegmon of the neck. Of the reported cases 66°; had 
been misdiagnosed as malignancy. Most of the remainder were 
thought to be adenomatous goiter. Only 6 of the reported cases 
were correctly diagnosed clinically. 

Medical treatment is of no value. Radiotherapy has been thought 
effective in some cases, presumably early cases with lymphocytic 
infiltration. There is evidence that the disease is self-limited and 
tends to spontaneous recovery with hypothyroidism. The usual 
treatment is surgical, but in the absence of pressure symptoms its 
indication is questionable. The procedures usually recommended 
are section of the isthmus to relieve present or future compression 
of the trachea with a partial bilateral resection leaving more than 
the usual stumps. Complications have occurred and operative 
mortalities are on record but usually in the older cases where too 
much surgery was attempted. 

The prognosis for improvement is good. There is more than a 
10% chance for recurrence. Hypothyroidism develops in the major- 
ity of the operated cases. Neither cure, recurrence nor hypothyroid- 
ism develop in direct proportion to the amount of tissue resected. 

The pathology of the condition is that of a degeneration and 
atrophy of the epithelium with compensatory hyperplasia and hyper- 
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trophy, followed by round-cell infiltration, and ultimately, by 
fibrous tissue replacement. Extrathyroid involvement is found in 
the advanced cases. The pathogenesis of the condition is not defin- 
itely understood. 


The cases reported are from the services of Drs. Emil and Arthur Goetsch at the 
Long Island College Hospital of Brooklyn, N. Y., both of whom I desire to thank for 
the use of their material. IL also wish to acknowledge with thanks personal commu- 
nications from Drs. Lahey, Jackson, Pemberton, Frazier and Graham as to their 
experience with the disease. 
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EOSINOPHILIA AND SKIN TESTS IN THE DIAGNOSIS 
OF TRICHINOSIS. 


By Roperr A. Kinpurre, M.D)., 
DIRECTOR, LABORATORIES, ATLANTIC CITY HOSPITAL, 
ATLANTIC CITY, N. J. 

In 1935 an outbreak of trichinosis occurring in Atlantic City! 
provided an opportunity to study in 33 of those exposed to the 
disease the results of the intradermal reaction originated by Bach- 
man.2 From this study it was concluded that, as the demonstration 
of eosinophilia was a technically simple procedure always available 
to and readily applied by the clinician, whereas the intradermal 
test required an antigen somewhat difficult to prepare and not 
readily available, the skin test presented no marked practical advan- 
tages over the demonstration of eosinophilia. 

This conclusion was later attacked by Friedlinder® on the grounds 
that: a, conclusions concerning the value of the skin test in trichinosis 
could not be based upon the test when conducted according to the 
method described by Bachman;* b, other investigators, including 
himself and his associates, had found the intradermal reaction, when 
employed with various antigen dilutions in order to rule out non- 
specific protein sensitivity, to be of great value in the diagnosis of 
trichinosis; and, finally, ¢, because eosinophilia occurs in other dis- 
eases. In subsequent discussions by other workers, to which refer- 
ence will later be made, both the original paper and Friedliinder’s 
comments were noted, the latter with somewhat general approval. 

The data which have by now accumulated would seem, however, 
to warrant some further comment upon the point at issue. Both 
l'riedliinder, and those who have to some extent agreed with him, 
appear to have overlooked factors somewhat pertinent to the issue 
which I conceive to be, not particularly the value of the skin test 
as an aid in the diagnosis of trichinosis but the relative value of the 
skin reaction and the demonstration of eosinophilia. in the clinical 
tudy of this disease. And I further consider the relative value of 
iny procedure applicable to diagnosis to be somewhat directly 
nifluenced by its feasibility. 

It can be accepted, I think, that recognition of trichinosis is, 
irst of all, a clinical problem; that the majority of cases will first 
ve seen by the practitioner rather than by clinic personnel or the 
pecialist; and that their recognition by the practitioner will be 
‘etermined in large part by his clinical acumen aided and reinforced 

whatever laboratory procedures are easily and ordinarily avail- 
ble. Nor can the greater difficulties of the skin test be denied 

hereas the demonstration of eosinophilia is a simple procedure 
adily available to any practitioner anywhere at any time. Con- 
rning the relative availability of the two procedures as measures 
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of ready clinical applicability there would seem to be little question. 
Concerning their relative efficiency there is room for discussion. 

MeCoy, Miller, and Friedlinder® in a study of the intradermal 
test conducted with antigen dilutions of 1 to 10,000 or higher report 
“about 90°." of positive reactions “provided the disease is suffi- 
ciently established” (2 to 3 weeks after infection). However, 
eosinophilia occurs in practically the same proportion of cases and 
appears at about the same period in the disease (second to third 
week). Whereas eosinophilia gradually declines after the third or 
fourth week, the intradermal reaction persists for much longer 
periods which, however, are those in which, as encystment  pro- 
gresses, the symptoms decline and the disease becomes more a 
matter of academic interest. 

Spink and Augustine® who in the body of their paper agree with 
the comments of Friedlinder, nevertheless state in their summary 
that “the most reliable aid in these cases was the presence of an 
eosinophilia.” 

Drake, Hawkes, and Warren,’ also in agreement with Fried- 
liinder’s comments, report that of 25 individuals showing eosino- 
philia, half gave negative skin reactions and express the belief 
that such individuals, though not clinically ill, represent latent 
cases of trichinosis. 

Sobel,* who also quoted Friedliinder’s criticisms, also comments 
upon the eosinophilia present in the 7 surviving patients of the 8 
in his series and emphasizes in his summary that the intradermal 
test, though a valuable aid, cannot replace the biopsy in the final 
and absolute diagnosis of trichinosis. 

It is true, of course, that biopsy with the actual demonstration 
of the trichine, is the final and absolute diagnostic criterion. But 
biopsy should be suggested and justified by something in the clinical 
history and the clinical picture. For this purpose eosinophilia, in 
the presence of a suggestive history or symptomatology, is of sig- 
nificant import. 

Friedliinder and others have warned that eosinophilia occurs in 
diseases other than trichinosis and that eosinophilia may be absent 
in fulminating cases, which are matters of more or less common 
knowledge. But no one has maintained or even intimated that the 
diagnosis of trichinosis should be postulated solely upon the pres- 
ence or absence of eosinophilia. 

Eosinophilia, like the intradermal reaction, is only the expression 
of a reaction to a stimulus which, indeed, is true of any symptom 
in any disease. 

The intensity of such a reaction, indeed its occurrence, is depend- 
ent not solely upon the presence of the stimulus, but preéminently 
upon the ability of the individual to react, and many reactions fol- 
lowing specific stimuli are absent in the presence of fulminating 
infections, either because the patient is too profoundly overwhelmed 
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to possess the ability to react, or because sufficient time has not 
elapsed for the evidences of reaction to appear. On the other hand, 
the stimulus may be too slight to cause an evident reaction, or this 
has not vet fully developed, or the patient may not possess the 
ability to react in any marked degree. There may thus be varied ex- 
planations for the absence of positive skin reactions in the latent 
cases of trichinosis which presented eosinophilia. I have encountered 
no reports of the skin test in fulminating cases. It is, of course, 
true that not all cases of trichinosis show an eosinophilia of signifi- 
cant degree, nor even, perhaps, any eosinophilia at all. But neither 
is the intradermal reaction present in all cases despite which trichi- 
nosis may still be present in both instances. 

It is also true that not all cases of trichinosis show an eosinophilia 
of equal intensity any more than all cases show an intradermal 
reaction of equal intensity. But a sufficient proportion of cases 
of trichinosis show an eosinophilia sufficiently early in the disease 
and of sufficient intensity to suggest the possibility of this disease 
in the presence of other significant symptoms and to suggest the advis- 
ability of other procedures, among which the biopsy and the skin 
test may well be numbered. 

The latest report on this subject appears to be that of Heathman® 
who presents not only a rather comprehensive review of the per- 
tinent literature, but also reports the results of skin tests, precipitin 
tests, and eosinophil counts carried out on the same day on 44 cases. 

She used antigen dilutions of 1 to 6,000 and 1 to 500 and observed 
the reactions for | hour following the tests and again 24 hours later. 
An extensive series of controls was included. 

Friedliinder, in his comment, called attention to the work of 
Augustine and Theiler'® and also the report by himself, and McCoy 
and Miller? as evidencing the value of the intradermal reaction 
with various antigen dilutions. The latter report, however, shows 
only 706% of immediate positive reactions to a 1 to 10,000 dilution 
and 92°; toa 1 to 10,000 and 1 to 500 dilutions. Of still more inter- 
est is the occurrence of 9°; of positive reactions in a series of 104 
controls, 18°; of positive reactions in 92 cases infected with Trichuris 
trichiura and 62¢; of positive reactions in the series when both 
| to 10,000 and 1 to 500 antigen dilutions were used. The conclu- 
sions of these authors state that “the test may be a valuable aid” 
and that “a negative test will probably prove more useful in ruling 
ut the diagnosis of trichinosis than a positive one in establishing it.” 

As Heathman reviews the literature concerning the occurrence 
f positive reactions to trichine antigen in individuals suffering 
‘rom other parasitic infections, for the sake of brevity this will not 
gain be surveyed here. Some of her other observations are referred 
0 below. 

Friedliinder,? in his comment, emphasized the importance of 
mediate reactions and discounted those read at 24 hours, 
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referring to the report by Maternowska.'! But Maternowska divided 
the reactions into two phases, one reaching its height 9 hours after 
injection, and the second in 24 to 38 hours. 

Heathman records that “it would seem that precipitins and skin 
tests occur in quite a high percentage of trichinosis patients but not 
sufficiently early or regularly, at least in the group studied here, 
to be of great diagnostic aid.”” She was unable to duplicate the 
results reported by Friedlinder and his associates or others referred 
to by him, and her conclusions are so pertinent to the point at issue 
that they are here quoted in full: 

“1. In our hands the intradermal skin test and the precipitin 
test appear to be of much less value in the laboratory diagnosis of 
trichinosis than do the eosinophile count, together with muscle 
biopsy, and the study of the meat suspected of being the source 
of infection. 

“2. Intradermal skin tests and precipitin tests in animals heavily 
infested with Trichinellke larvees gave even a lower precentage of 
positive reactions than that found in human beings. Animals did 
not tend to develop positive intradermal reactions regularly after 
being tested a number of times. ‘The intradermal tests in both man 
and animals are less clear-cut and more difficult to read than a 
number of other diagnostic intradermal] tests. 

“3. It would seem very important both from the theoretical 
and practical standpoint that skin tests in trichinosis be more thor- 
oughly studied.” 

Summary. ‘The conclusion drawn in the original study com- 
mented upon by Friedliinder was not that the skin test was without 
value in the study of trichinosis, but that it presented “no practical 
advantage over the demonstration of eosinophilia.””. This conclusion 
might have been better expressed ‘no practical clinical advantage,” 
for, as has been stated, trichinosis is primarily a clinical problem. 

The point originally made was that because of its simplicity, 
reliability, and ready availability the demonstration of eosinophilia 
Was more practical and more practically valuable to the clinician 
than the intradermal reaction in the clinical study of this disease. 
This conclusion which does not yet seem to have been controverted 
by subsequent published reports, does not indicate that further 
laboratory tests should not be used in suspicious cases. 
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CYSTOMETRIC STUDIES: THE VALUE OF FOLLOW-UP 
EXAMINATIONS. 


By M. Muscuat, M.D., 


ATTENDING UROLOGIST, MT. SINAI HOSPITAL; ASSOCIATE IN RESEARCH UROLOGY, 
SCHOOL OF MEDICINE, UNIVERSITY OF PENNSYLVANIA, PHILADELPHIA, PA, 


From the Departments of Urological Surgery, Mt. Sinai and University of Penn- 
sylvania Hospitals.) 

CysroMerry studies the functional state of the urinary bladder 
by means of measurement of its capacity at various pressures. By 
means of the cystometer one obtains three factors: (a) first desire to 
void (4), (4) pressure curve, (c) the maximal voluntary pressure. 
The factors of a normal bladder are: First desire to void 150 to 
250 ee., the pressure curve is gradually ascending and the maximal 
pressure is 40 to 60 mm. In the hypertonic bladder the factors are 
altered: First desire is under 150 ce., the curve is very acute, and 
the maximal voluntary pressure is over 60 mm. In the hypotonic 
bladder it is just the opposite: First desire to void is above 250 cc., 
the curve is flat, and the maximal voluntary pressure is under 40 mm. 
\lteration of at least two factors is characteristic for a neurogenic 
bladder. In doing cystometric work, we are frequently requested 
to repeat the cystometrographic reading at different intervals to 
ascertain the advancement or regression of the disease. In the 
normal, we are impressed with the constancy of the cystometric 
data obtained over a period of many months. This constancy of 
repeated cystometrograms definitely proves the existence of a con- 
stant physiologic rhythm in the function of the urinary bladder. 
In many instances a repeated cystometrogram was actually identical 
with mathematical accuracy with the one taken a long time pre- 
viously or would vary only slightly and insignificantly. 

Figure 1 shows two cystometric readings in a patient with chronic 
prostatitis. The one taken 6 weeks later is practically identical 
vith the first. 

We therefore regard the cystometrogram as a composite picture 

balanced normal bladder function, constant in character and sub- 
ectively unalterable (Figs. 2 and 3). 
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Fic. 1.—-Chronie prostatitis. Cystometrograms taken 6 weeks apart Both 


normal (slightly hypertonic) and similar. No change. In this and subsequent 


figures the solid triangle represents the first desire to void. (W.%., Mt. Sinai, 30 : 
4890.) 
Fic. 2.—Prostatic uropathy. Cystometrograms indicative of hypertonic detrusor { 
(muscular) taken 1S months apart. No change. (W. R., Mt. Sinai : 
80 
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Fic. 3.—Traumatie cord injury with resulting sclerosis of vessels. Cystometro- i 
grams taken 2 years apart. Nochange. (S. H., Mt. Sinai, Nos. 68636 and 83225. ai 
Fic. 4.—Extradural sarcoma of the spine. Cystometrogram A (before operation). J 


Neurogenic bladder of hypotonic type. Cystometrogram 6 (after operation). 
Normal bladder 5 days later. Catheter removed, patient voiding. (N.3., Mt. Sinai, 
No. 88646, Neurosurgical Service of Dr. F. Grant.) 
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If one therefore in repeating a eystometrogram finds altered data 
it can only indicate one thing, namely, true changes in the physio- 
logic rhythm, caused by advancement or regression of the primary 
disease. 

The importance of follow-up studies in a neurogenic bladder can 
thus not be underestimated clinically — it frequently guides the 
clinician to undertake or abstain from certain procedures contem- 
plated. 
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Pig. 5. Fracture dislocation of twelfth dorsal vertebrae with cord involvement. 
Expectant treatment 1, taken May 1S, 1935 and B, taken May 25, 1935. Note 
yreat improvement in 1 week. While actual urination was not reéstablished at the 
end of the week, the improvement shown by the cystometer greatly influenced us 

» treat expectantly. Complete recovery. (J. H., Mt. Sinai, 1S years, No. 92078, 
Orthopedie Service of Dr. M. B. Cooperman.) 


hig. 6. Tabes dorsalis. Cystometrogram A (August S, 1934): Neurogenic 
hypotonic bladder. Cystometrogram B (April 13, 1935 Neurogenic hypotonic 
ladder. No improvement in spite of antiluetic therapy. (S. B., Mt. Sinai, No. 


3- 7448, Out-patient Dermat. Service of Dr. 8. Greenbaum. 


The value of follow-up repeated cystometrograms is especially 
aluable in neurosurgical work on the brain or spinal cord when 
in indwelling catheter is present. In these cases an indwelling 
catheter is frequently used because of the temporary bladder dys- 
function. The eystometrogram indicated the return of normal data 
ind with it normal bladder function permitting the removal of the 
ndwelling catheter. The early untimely removal of such a catheter 
Nay precipitate upper urinary infection due to back pressure with 
hills and fever, gravely complicating the situation, since bladder 
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infection is quite Common in these neurologic cases with chronie 
bladder dysfunction (Fig. 4). 

In spinal injuries usually cared for by the orthopedic surgeon 
the follow-up cystometric work is again of great value. It will indi- 
cate the retrogression of edema of the cord, the absorption of a blood 
clot, ete., by the evidence of returning normal function in a par- 
alyzed bladder (Fig. 5). 
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Fic. 7.—Cerebrospinal lues complicated by prostatic hypertrophy. Cystometro- 
gram A (March 22, 1935): Neurogenic bladder of hypertonic type. Cystometrogram 
B (July 17, 1935): Neurogenic bladder of hypotonic type. Showing the change from 
an irritative condition of the cord to a paralytic state in 4 months. 

Fic. 8.—Contusion of spine with hematoma(?). Retention of urine for 4 days, 
great difficulty in urination for the following 4 weeks. Cystometrogram: A, On 
admission neurogenic bladder of hypotonic type; B, six months later: marked improve- 
ment but still evidence of neurogenic disturbance. No complaints, no clinical evi- 
dence of bladder disturbance. (H. H., aged 42; automobile accident.) 


In medical diseases of the spinal cord, the cystometric follow-up 
examinations may also be very useful. Treating a case of tabes 
dorsalis with bladder dysfunction one can determine at intervals of 
treatment whether or not a therapeutic agent is bringing about im- 
provement or whether the disease affecting the bladder is progressing 
in spite of the treatment (Fig. 6). 

Cystometric readings may become definite criteria of the useful- 
ness of a given therapeutic agent in cerebrospinal affections (Tig. 7). 

In medicolegal work one is eager to ascertain the present status 
of alleged injury of the spine with bladder dysfunction. One is also 
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anxious to know the progress of this injury. Admitting an injury 
to the spinal cord resulting in temporary bladder dysfunction, one 
is able to clinically and graphically establish this fact, the data to be 
used years later to show actual injury and oppose any accusation of 
malingery or the reverse may be true—to actually prove malingery 
(Fig. 8). 

The visualization of the cystometrically obtained data appears 
to be the most exacting, most vivid and most comprehensible way 
we have today in expressing disabilities of function of the urinary 
bladder. 
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HIGHER CARBOHYDRATE DIETS IN THE TREATMENT OF 
DIABETES. * 


By Frankun B. Peck, M.D., 


INDIANAPOLIS, IND. 


FORMERLY PHYSICIAN IN CHARGE OF GRACE HOSPITAL DIABETIC CLINIC, DETROIT, 
MICHIGAN, 


Tne introduction of insulin into diabetic therapy ended a period 
characterized by drastic dietary restriction and made possible the 
closer approximation of diabetic diets to those of normal people. 
During the past decade there has undoubtedly been a pronounced 
trend in current opinion toward the use of larger amounts of carbo- 
hvdrate than would have been formerly considered reasonable. 
Evidence in favor of such diets has been recently (1934) collected 
by Tolstoi,! who concluded that the principle appeared to be well 
founded. The reawakened interest in this method of treating dia- 
hetes has been due largely to the publications of Geyelin? (1926), 
Sansum his collaborators? (1926), Porges and Adlersberg* 

1929), Rabinowiteh®-§ (1930-1935), and Barach®” (1930-1932). 

The term “high” or “higher” carbohydrate in relation to diet 
is rather unfortunate, since it is neither definite nor descriptive. 
lhe content of carbohydrate in the diet is an entirely relative 
natter, interpretation of which is dependent upon the previous 
ersonal experience of the observer. When compared with the 
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normal diet, all so-called high-carbohydrate diets used in the treat- 
ment of diabetes are low, since some restriction below normal 
amounts is inferred by all observers. The differences in opinion 
regarding the fat content of the diet further confuse the issue. 

In a general way the group of so-called high-carbohydrate diets 
may be roughly classified into the following divisions: 1, High- 
carbohydrate, low-fat; 2, Higher-carbohydrate, lower-fat, low- 
calorie; 5, Moderately-high-carbohydrate, moderately-low-fat. One 
might arbitrarily place the lower limit of carbohydrate in this group 
of diets at roughly 100 gm. per day. In some instances as much 
as 390 gm. have been given. 

Experimentally, Watson and Wharton" have compared the effects 
of such diets with the results obtained from administering a low- 
carbohydrate, high-fat diet in 27 well-controlled cases using insulin. 
They reached the conclusion that increasing the carbohydrate led 
to an increasing tolerance, provided the fat was kept below LOO gm. 
daily. The patients’ preference was for a moderately high-carbo- 
hydrate diet with a moderately low amount of fat. They observed 
that the patients felt better when larger amounts of carbohydrate 
were provided. The most important criticism of this work is that 
patients were not kept for sufficiently long periods on each type of 
diet. 

Rabinowitch® has recently reported his experience over a J-vear 
period when using the high-carbohydrate, low-fat, low-calorie diet 
in comparison with 5 vears’ use of the high-fat diet. He found a 
remarkable diminution in the amount of insulin required when using 
the new diet. An average dose of only 10.6 units of insulin per day 
Was necessary, in contrast to 31.8 units using the older type of diet. 
Many more patients were able to do without insulin entirely and 
the average blood cholesterol value was much lower. 

Geyelin® (1955) reported 150 cases treated over a 10-vear period 
and observed that the effectiveness of each unit of insulin per gram 
of carbohydrate increased with carbohydrate elevation and lowering 
of the fat. He used diets of comparatively normal caloric value, 
utilizing a carbohydrate-to-fat ratio of 3 or 4 to 1. After 10 vears 
on this diet the patient’s diabetes showed no retrogression. 

Sansum and Gray" have reported 7 years’ use of their diet in 
1005 cases, showing an average gain in tolerance. Their average 
diet was carbohydrate, 1S4 gm.; protein, 66 gm.; and fat, S2 gm., 
a total of 1738 calories. 

The favorable effect of carbohydrate upon the glucose tolerance 
has been noted by many observers. Greenwald, Gross, and Samet! 
(1924-1925) found a distinct lowering of glucose tolerance produced 
by experimentally feeding carbohydrate-free diets and the effect 
appeared to be greater if fat was increased. Joslin'® has noted 
clinically that diabetics live longer, even inthe presence of glycosuria, 
if the carbohydrate is not too low. He further states,'® “A carbo- 


i 
eo 
{ 
| 
$ 
; 
{ 
é 


PECK: TREATMENT OF DIABETES O99 


hydrate tolerance, unutilized, retrogrades.” The action of the 
repeated ingestion of glucose upon the blood sugar of a normal man, 
the Staub-Traugott effect, is well known and was confirmed on both 
normal men and diabetics by Hamman and Hirschman!? in 1919. 
The phenomenon partially accounts for the fact that larger doses 
of insulin may be used before breakfast than at other periods 
throughout the day. 

In the light of these observations the recent contributions of 
Himsworth'S!* are particularly interesting. Using normal men, 
a depressed tolerance curve resulted following fat feeding and an 
increased tolerance was observed following carbohydrate diets. 
Various diets were devised in order to determine the factor involved, 
which was proven to be the absolute amount of carbohydrate 
present in the diet. This factor likewise is responsible¥or increasing 
sensitivity to insulin. Based upon the percentage change in toler- 
ance, utilizing diets containing from 50 to 425 gm. of carbohydrate, 
he plotted curves showing the general relationship between glucose 
tolerance and carbohydrate. If the carbohydrate fell below 100 gm., 
tolerance more rapidly declined, until a comparatively slight de- 
crease below 50 gm. resulted in a proportionately greater reduction 
in tolerance, which suggests a possible explanation for some cases 
of diabetes exhibiting a sudden onset of svmptoms. 

With Marshall” he then analyzed the diets of 143 cases of dia- 
betes in comparison with two comparable series of normal people 
and by both quantitative and qualitative methods established that 
the majority of diabetics, before the onset of their disease, preferred 
diets containing excessive amounts of fat. Insulin sensitivity of 
these patients, when computed according to his previously prepared 
charts, showed that the group as a whole, prior to the development 
of their diabetes, exhibited a 20¢% lower insulin sensitivity than that 
of normal people. 

Himsworth®! recently compiled the available data on dietary 
habits throughout the world, which, upon correlation with available 
mortality tables, show a definite curve of relationship. The groups 
utilizing the greater-carbohydrate and lower-fat diets have the least 
diabetes and vice versa. Ile has recently commented™ that probably 
two types of diabetes occur: Insulin-sensitive cases, due primarily 
to insulin deficiency, and another group of insulin-insensitive 
patients. The reaction of each to carbohydrate is probably different. 

Method. We began the use of higher-carbohydrate diets at the Grace 
Hospital in 1929 and within about 6 months had transferred practically all 
he patients to the new diet. Our method consisted in the main of begin- 
‘ing with a basie diet of approximately carbohydrate, 100 gm.; protein, 
gm., and fat, 50 to 60 gm., with increasing amounts of carbohydrate added 

~ improvement became evident. Never less than 100 gm. of carbohydrate 
vas given daily and if this became impossible through illness, the patient 
eceived 100 gm. of dextrose by vein every 24 hours, usually 25 gm. every 
‘hours. The Ladder method of increasing carbohVdrate was utilized follow- 
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ing a brief desugaring period on the first diet and in general the carbohydrate 
of the diet only was increased, until an approximate level of 200 gm. had 
been reached. Approximately 25% of carbohydrate was given for break- 
fast, 35% at lunch, and 40% for dinner, in order to take advantage of the 
Staub-Traugott effect already noted. 


By this method patients were not fed according to their basic 
caloric requirements as computed from standard tables. The 
weight, general condition of the patient, blood sugar, cholesterol, 
glycosuria, and sense of wellbeing were depended upon for control. 
Considerable variation in diet was necessary in order to satisfy 
individual cases and circumstances and the effort was made to 
treat the patients individually, making their diets as comfortable 
as possible. In a few instances it was later necessary to increase the 
fat content of the diet beyond 100 gm. in order to maintain weight, 
but these cases were exceptional. 

Throughout the period we made no effort to spare insulin. The 
criterion for the use of insulin was arbitrarily whether or not the 
patient became sugar-free within a week or two on the diet (carbo- 
hydrate, 100; protein, 60; fat, 60) originally prescribed. Since there 
is considerable difference in cobperation between private and clinic 
patients, due to economic factors, we have utilized only the clinic 
group for purposes of comparison and have chosen to take averages 
from the two groups over 5-year periods. These results* are shown 
in Tables 1 and 2 


TasBLe 1.—Grace Hospitau DIABETIC OUT-PATIENT DEPARTMENT. AVERAGES. 
1925-1929 (Group I 1930 1934 (Group II 


Cases 204 131 
Average diet C 75-P 62-F 117 C 1S1—P 69-F 74 
1601 cal. 1666 eal. 

Blood sugar (fasting) on admission (average 

mg./100 ce. 229 219 
Blood sugar (fasting) during observation, 

mg./100 ce. en 192 176 
Insulin patients (per cent) 31 53 
Insulin daily average units 29 4* 23t 
Glucose value of diet 22 228 
Insulin-glucose ratio . 1:4 1:9 
Average weight loss during observ ation, lbs. 4 l 

* 64 patients. + 229 patients. 


TaBLe 2.—Grace Hospitat DIABetTic OvutT-PATIENT DeparRTMENT. Morvauiry. 


1925-1929 1930-1934 
Cases Per cent Cases . Per cent. 
Postoperative . 5 2.4 3 0.7 
Coma 3.9 0.2 
Acute infections » 4 1.9 6 1.4 
Tuberculosis 5 2.4 3 0.7 
Arteriosclerosis . 11 5.4 1.8 
Untraced 5 2.4 2 0.5 
18.4 23 &.3 


* I wish to acknowledge my indebtedness to Dr. Daniel B. Marcus, clinical assist - 
ant, and Miss Meriel Colwell, dietician, whose detailed study of each individual 
chart made this analysis possible. 
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Discussion. We have had a strong impression since beginning 
the use of this diet that the patients have been decidedly easier 
to manage than they were under the lower carbohydrate regimen. 
Upon analysis of the actual statistics, a few points are rather strik- 
ing. In spite of having a considerable number of patients taking 
from 250 to 550 gm. of carbohydrate daily, the average carbohy- 
drate intake is only ISO gm. and the total daily caloric values of 
the two diets are roughly comparable (1600-1700 calories daily). 
Nevertheless, the average weight loss over the 2 5-vear periods 
was only 4 pounds and 1 pound, respectively. The average fasting 
blood sugar of 176 found with Group II is somewhat better than 
that of Group I. We have presented no data on cholesterol values, 
having had no comparable experience with the early group, but 
have found them quite easy to keep within normal bounds. 

‘The experience with insulin is particularly interesting. Following 
an arbitrary standard for its use, we have increased the proportion 
of insulin to non-insulin users from 31° in Group I to 53% in 
Group Il. At the same time an average of 6.4 units less insulin 
per day per patient has been necessary in the high-carbohydrate 
group. When compared with the total glucose value of the diets, 
more than twice the insulin efficiency is shown in Group II (glu- 
cose value, 228) than in Group I, having less carbohydrate (glucose 
value, 122), which bears out the contention of Himsworth. 

The mortality statistics were rather surprising. Undoubtedly, 
not all factors operative here can be attributed solely to diet. Due 
credit should be given to increasing experience in the use of insulin 
and particularly to the readiness with which we now utilize it. 
What was formerly a “last shot in the locker’ now has become our 
“range finder.”’ Nothing is lost by the early use of insulin. It is 
noteworthy that postoperative deaths were infrequent in the latter 
series, although at least five times as many operations were per- 
formed. 

Safety for a diabetic depends upon his having a liver full of gly- 
cogen, instead of a liver infiltrated with fat, and this can readily 
he obtained in most instances by the use of insulin with adequate 
carbohydrate feedings, or by glucose and insulin, parenterally if 
necessary. 

Conclusions. 1. Evidence in favor of carbohydrate diets in 
diabetes seems well established, both clinically and experimentally. 

2. A comparison between two series of patients has been pre- 
sented. In Group | a moderately-low-carbohydrate, moderately- 
high-fat diet was used, while in Group IT a moderately-high-carbo- 
vdrate, moderately-low-fat diet was administered. 

3. The patients in Group II stated that they felt better; the 
liet was found to be more comfortable; it was cheaper; and an 
apparent increase in the efficiency of insulin resulted. 

4. Coma mortality was practically abolished and the other com- 
plications were more easily managed. 
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A NOTE ON GLUCOSE TOLERANCE IN PAGET’S DISEASE 
(OSTEITIS DEFORMANS). 


By Frank L. Apperty, M.A., M.D., D.Se., 


AND 
M. Karnarine Cary, A-B., 


RICHMOND, VA. 
(From the Pathologic Department, Medical College of Virginia.) 
SoME years ago we happened to find in 2 cases of Paget’s disease 
of bone (osteitis deformans) ghicose tolerance test curves which 
were marked by a rapid rise to a high level, followed by an equally 
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rapid descent. Since then we have collected 6 more cases. The 
results of the glucose tolerance test in these 8 cases are here pre- 
sented. 

The method employed was that of MacLean' using capillary 
blood obtained by a finger prick. Fifty gm. of glucose were taken 
by mouth, and determinations of blood sugar made before, and at 
half-hour intervals after taking ghicose. Unfortunately cireum- 
stances prevented the collection of urine during the test period in 
cases. 
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ia. i. Glucose tolerance test in S cases of Paget's disease of bone (A compared) 
with the normal for people of similar age (B). 


In the accompanying figure are shown: 

(.1) the curve from these 8 patients, together with sex, age and 
presence or absence of glycosuria during the test. The ages varied 
irom 50 to 78. 

(B) a shaded area, into which fall, according to Faber and 
Hansen? the blood-sugar curves (capillary blood) of normal indiy- 
uals between the ages of 60 and 75. This area is shown for com- 
parison with the curves in (1). 

It will be seen that in all instances but one the fasting blood-sugar 
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level is within normal limits, but that in the first half hour 4 of 
these 8 curves exceed the normal limits, 4 in the second half hour, 
and 2 in the third half hour. All curves dropped rapidly by 2 hours, 
and although only 3 returned to the normal blood-fasting level, all 
but one returned to within the limits of normal men of the age 60 
to 75. In brief about half of these curves are marked by a rapid 
rise and a rapid fall. The remainder fall within the limits normal 
for that age. 

Discussion. ‘The amount of glucose absorbed by the intestine, 
and therefore the peak of the blood-glicose curve, rises with the 
dose of glucose administered up to a maximum of 30 to 50 gm. 
(Hansen*). Larger doses have no effect on the curve, since, as shown 
by Cori,‘ absorption from the intestine cannot surpass this maximum 
rate. Since we administered the standard dose of ghicose, 50 gm., 
the high peak in our cases has some other origin. It has been further 
shown that the mechanism for the utilization of ghicose “‘is acceler- 
ated as the blood sugar rises higher until, at the peak of the curve, 
utilization rate overtakes, and then surpasses the absorption rate, 
in spite of the fact that the absorption may still remain at its maxi- 
mum” (Peters and Van Slyke®). It would appear then that in half 
of our cases something is causing a delay in the outset of utilization, 
but that the latter, once started is, in most cases, fully as rapid as 
in normal people. This would appear to eliminate any insulin 
fault. Of the remaining causes of hyperglycemia, namely, dis- 
ordered function of thyroid, adrenals and pituitary, clinical exami- 
nation failed to incriminate the first two, while according to a recent 
review (Evans’) the sugar curve with rapid rise and fall seems to 
indicate hyperpituitarism. Whether this is true or not remains 
to be proved. It is however of interest to recall that the bony 
changes in the thickening skull of Paget’s disease result in pressure 
on, and diminished function in various cranial curves, e. g., optic, 
auditory, and other nerves. It seems reasonable to suppose that 
in some cases similar pressures are found around the pituitary fossa 
with alteration in pituitary function. That such bony changes do 
produce hyperglycemia of the type recorded in some cases of acro- 
megaly has been known for many years (Loeb, 1883;° Marie, 1S89°). 

More recently Colwell,'® in a review of the literature, showed that 
about 40°% of acromegalies and about 10°; of other pituitary dis- 
eases (tumor, cyst, tubercle, syphilis, etc.) have glycosuria. Accord- 
ing to Peters and Van Slyke,°® in the earlier (hyperpituitary) stage 
of such diseases the glucose intolerance varies from a slightly in- 
creased alimentary hyperglycemic response (such as is seen in our 
cases) to a glycosuria indistinguishable from mild or severe dia- 
betes, and further, that the fasting blood-sugar level is often within 
normal limits. Our curves are therefore compatible with hyper- 
pituitarism. Unfortunately no Roentgen ray examinations of the 
skull were made in our cases, nor have we been able to find any 
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literature recording changes in the pituitary fossa. We are therefore 
presenting these observations in the hope that other investigators 
of this disease might be able to throw further light on these obscure 
alterations in sugar metabolism. 
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A CASE OF AGRANULOCYTOSIS FOLLOWING INGESTION OF 
CINCHOPHEN. 


By SHEPARD Suapirro, M.D., 
ADJUNCT VISITING PHYSICIAN, 
AND 
Lester LeumMan, M.D., 
HOUSE PHYSICIAN, DEPARTMENT OF MEDICINE, HOSPITAL FOR JOINT DISEASES, 
NEW YORK CITY. 


From the Medical Service of Dr. A. A. Epstein, Hospital for Joint Diseases.) 


A partent who had been taking cinchophen daily for 3 weeks was 
recently admitted to this hospital suffering with an illness which 
proved to be agranulocytosis. After investigating all of the possible 
auses we became convinced that this drug contained the leukotoxic 
gent which was responsible for the granulocytopenia. As cincho- 
vhen is prescribed freely and because of the serious nature of agran- 
‘voeytosis we felt that our observation should be reported. 
We could find no case reports in the literature of agranulocytosis 
iused by cinchophen.* Schittenhelm! recently remarked that cin- 
jophen was capable of producing this condition but unfortunately 
iblished no reports of illustrative cases 
(inchophen (and the same is true of amidopyrin) has been admin- 

In Fitz-Hugh and Comroe’s article in this journal (185, 552, 1933), orthoiodoxy- 


zoate (which contains cinchophen) is incriminated as the cause of agranulocytosis 
one of their cases,—Eprror. 
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istered in varving dosages to countless numbers of patients without 
untoward effects. In those relatively rare instances in which inges- 
tion of the drug is followed by severe intoxication giving rise to 
acute vellow atrophy of the liver, or as in this case granulocytopenia, 
it appears logical to assume that some alteration within the body 
induced a degree of susceptibility that does not ordinarily obtain. 


Case Report. W. I... a white male, bartender, aged 34, was admitted 
to the hospital on April 27, 1935, complaining of vomiting, fever, marked 
weakness, and polyarticular pain and swelling of 2 days’ duration. 

Pertinent findings in his history were 4 attacks of gonorrheal urethritis 
over a period of 14 vears. Associated with the last 3 of these was a poly- 
arthritis which kept the patient bedridden for periods of S to 10 weeks in 
each instance. The last of these episodes which occurred following specific 
exposure 5 months prior to his entering the hospital has continued with 
remissions to the present time. 

One month preceding the onset of the acute illness for which he was 
admitted to the ward, the patient was treated in the dispensary of this 
hospital for urethral strictures and joint pains. He received local treat- 
ments for the urinary difficulty and 7 intramuscular injections of Lactigen. 
Lactigen is not known to have any depressing effects on the bone marrow. 
These were followed by no noteworthy alteration in the severity of the 
arthritic symptoms nor was any indication of a general reaction observed. 
Commencing 3 weeks immediately preceding admission, the patient was 
given cinchophen—7} grains 3 times daily. He took this medication regu- 
larly, as ordered, until 2 days before he entered the hospital when he became 
suddenly ill with the symptoms described above. 

On admission he was acutely ill; his temperature was 104.8° F, the pulse 
rate was 120 and the respirations 24 per minute. There were a few palpable 
cervical lymph nodes. These were not tender. The lungs were clear and 
resonant throughout. The cardiac apex was felt in the fifth interspace, 
Il em. from the midline. The heart sounds were distant, the rhythm was 
regular, and no murmurs were heard. The liver was palpable two fingers’ 
breadth below the right costal margin. The prostate was soft and moder- 
ately tender. The external genitalia appeared normal. 

Marked tenderness was elicited over all dorsal and lumbar vertebrae 
and both sacroiliac joints. There was an effusion in both knees. Both 
ankles and tarsal joints were tender and hot. There was no dyspnea, no 
jaundice, no petechixe. The mouth and nasopharynx were normal in appear- 
ance. The spleen was not palpable. There was no generalized lymph- 
adenopathy. 

Blood count on the fourth day of the illness revealed: Hemoglobin, 68%; 
R. B. C., 3,680,000; W. B.C., 3,000; segmented neutrophils, 1%; non-seg- 
mented, 2%; eosinophils, 2%; lymphocytes, 939%; monocytes, 1%; myelo- 
cytes, 1%. 

The blood sedimentation rate was 66 mm. in 45 minutes. 

These findings suggested the diagnosis of agranulocytosis, as against 
such possibilities as gonorrheal arthritis, endocarditis of rheumatic or 
gonorrheal origin, or septicemia. 

A second blood count on the sixth day of the illness showed a total white 
blood cell count of 1800, 92% of which were lymphocytes, 2% non-seg- 
mented neutrophils, 2% eosinophils, and 4% myelocytes. The platelets 
numbered 128,000 per ¢.mm. 

Blood chemical studies, including icteric index were within normal limits 
on two occasions. Wassermann and Kahn tests, and G-C fixation of the 
blood serum were all negative. The same procedures were repeated on 
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fluid aspirated from the left knee joint and these too were negative. Smears 
of the fluid showed numerous neutrophils but no bacteria, The culture 
was sterile. 

Two blood cultures showed no growth each after 5 days’ incubation. 
Prostatic smear revealed numerous Gram-negative extracellular diplocoect. 
Urinalysis disclosed a faint trace of albumin and a few white blood cells. 
Urine examinations for arsenic, bilirubin, and urobilinogen were negative. 
Stool cultures revealed Staph. albus and Strep. anhimolyticus. 

The patient grew progressively worse during the first week of the ill- 
ness. Uleerations of the gum, lip, palate, pharynx and anus were noted. 
Abdomjnal distention and mental confusion appeared, and the hyper- 
pyrexia continued. Concurrently the white blood cell count diminished 
to 1,000 per canm. The ulcerations showed necrosis with no reaction in the 
surrounding tissues, apparently due to the absence of neutrophils. 
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(Hart 1.--Temperature curve and leukocyte counts. P Pentnucleotide injection. 
T blood transfusion. 


Pentnucleotide therapy was instituted on the Sth day of the illness (the 
‘ith hospital day) and some improvement in the total white cell count was 
noted 2 days later. Because of the critical condition of the patient, it was 
deemed necessary to administer blood transfusions also. Four were given, 
thout 400 ce. of blood being injected each time. In addition, Pitressin 
erved effectively in combating the abdominal distention. 

Improvement in the blood picture preceded clinical improvement by 
everal days and recovery was marked by gradual healing of the local lesions 
is the temperature fell by lysis. The white blood cell count rose to 8300 
with 509% neutrophils prior to discharge (Chart 1). 

It is interesting to note that the polyarthritis abated after the first few 
lays of the illness as the fever reached its highest level. The patient re- 
nained entirely relieved of this symptom at the time he left the hospital. 

Since discharge, 6 months ago, the patient has experienced mild migra- 
ory joint pains and recurrence of the urethral discharge. Otherwise he 

as heen symptom-free except for some weakness. The white blood cell 
unt has varied between 7800 and 11,600 and the neutrophils between 
5% and 59%. 
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Sternal puncture on the 12th day of the illness revealed a hyperplasia 
of the bone marrow with predominance of the younger granular elements. 
This, according to Fitz-Hugh and Krumbhaar,? Reich’ and others, is char- 
acteristic of at least one variety of agranulocytosis and appears to be due to 
a maturation arrest. Symptomatic agranulocytosis has been observed 
principally following the use of the arsenicals, gold salts, and drugs con- 
taining the benzene ring. ' 


Discussion. In reviewing this case, we have not been unmindful 
of the possibility of a mere coincidental relationship between the 
ingestion of cinchophen and the development of granulocytopenia. 
Indeed the identical question. arose when amidopyrin was first 
recognized as a possible etiologic factor in this entity. However, 
investigation of the numerous cases as they appeared revealed cer- 
tain features which invariably became evident following shortly 
upon the administration of the toxic agent. There was acute 
onset with progressive severe neutropenia but without concomitant 
reduction in hemoglobin, erythrocytes or platelets. There was 
also development of distinctive local lesions and characteristic bone 
marrow picture. The spleen was not detectably enlarged nor were 
hemorrhages present in any of these cases. The course was rapid 
terminating in recovery or death. 

All of these features were present in the case herein reported. 
The onset was acute and followed immediately upon the ingestion 
of cinchophen. With the development of prostration there was almost 
total disappearance of granulocytes from the peripheral blood stream 
(relative lvmphocytosis as high as 98°%) while the erythrocyte, 
hemoglobin and platelet determinations varied only slightly from 
the normal. There were no hemorrhages, splenomegaly or general- 
ized Ivmphadenopathy. Ulcerations appeared in the mouth and 
throat and about the anus. The sternal puncture revealed a picture 
of “maturation arrest’? which is accepted as diagnostic at least in 
one form of agranulocytosis. 

There remains the question whether cinchophen contains in its 
structural constitution a substance which when vielded within the 
body is capable of exerting a leukotoxic effect. Cinchophen is phenyl- 
quinolin carboxylic acid’ and under certain conditions may liberate 
free benzene® or nitrophenols.?- Compounds containing either of 
these are known to induce toxic degeneration of the liver® or a par- 
alyzing effect upon leukopoiesis as in arsphenamin, amidopyrin, and 
dinitrophenol poisoning. 

Experimentally it has been possible to detect the specific leuko- 
toxic action of this group of chemicals. Climenko" has demon- 
strated in rabbits that following the administration of amidopyrin 
or dinitrophenol, and so on, the leukopoietic system fails to give 
normal response to parenteral injections of nucleic acid, namely, 
a transient leukocytosis; and, in fact, that this ability is lost long 
before any change can be observed in the cellular constituents of the 
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peripheral circulation. In other words, the action is directly on the 
hone marrow which manifests a marked hyperplasia similar to that 
seen clinically in agranulocytosis. 

In our patient there was present no other condition such as aleuke- 
mic leukemia, Hodgkin's disease or metastatic bone carcinoma, in 
the course of which severe neutropenia may occur. 

Summary. A case is reported where agranulocytosis occurred 
during the administration of cinchophen and subsided after its with- 
drawal. Suggestions concerning the mode of action and a possible 
contributory factor responsible for the patient’s susceptibility are 
offered. 
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Tue Foor. By Norman C. Lake, M.D., Dose. (Lonp.), 
(E:NG.), Senior Surgeon and Lecturer on Surgery, Charing Cross Hospital; 
Surgeon, Bolingbroke Hospital, ete. Pp. 330, 95 illustrations. Balti- 
more: William Wood & Co., 1935.) Price, $4.50. 

Tuts is the most comprehensive work to date on foot troubles. [t recounts 
every condition from hyperidrosis to thromboangiitis obliterans. The 
chapter on examination of the feet is a postgraduate lesson for practitioner 
and specialist. Even such sections as evolution, embryology and anatomy 
may be read without boredom. Interest can be found in the sections on 
mechanics of gait and history of shoes. Then it assumes the conciseness of 
a manual, The discussion of fractures and dislocations is much too con- 
densed to be of reference value. The treatment of the many foot complica- 
tions mentioned in its text is too general and too brief to be informative. 
The Reviewer, however, closes the book, feeling it to be a valuable addition 
to any library in spite of its abridgement, and hopes that the author and 
publisher will bring out a more detailed and fully illustrated second edition. 


Tusercuosis, Vol. 16 of Clio Medica Series. By Geratp B. Wess, 
former President, National Tuberculosis Association; Lecturer on Medi- 
cal History, University of Colorado; President, Colorado Foundation for 
Research in Tuberculosis. Pp. 205; 17 illustrations. New York: Paul 
B. Hoeber, Ine., 1936. Price, $2.00. 

Tuts monograph is another of the valuable historical series ‘Clio Med- 
ica,’ and carries a foreword by the editor of the series, Dr. E. B. Krumbhaar. 
In it the author has succeeded in presenting a comprehensive story of the 
development of our knowledge of tuberculosis in brief form, without sacrific- 
ing literary quality. Although few important events are left out, space 
has been saved by precision of statement and stress only of the most sig- 
nificant. Lengthy arguments over priority are omitted, for, as noted in 
a quotation from Frances Darwin, ‘In science credit goes to the man who 
convinces the world, not to the man to whom the idea first occurs.” Due 
notice is taken, however, of some who were merely unfortunate in lack of 
recognition in their own time, such as William Stark, who actually antici- 
pated Laennec in much credited to the latter. 

It is interesting to those concerned with the modern attack on tubercu- 
losis that the opening chapter is on epidemiology and the final one on 
legislative prophylaxis. The early public health measures of Hermann 
Biggs, well known to specialists in tuberculosis, but not so well known to 
the medical profession in general, are credited with their deserved impor- 
tance. The story beginning in ancient times is carried up to the present, 
with indication of modern trends of research. 

Treatment accorded to climate, so often a subject of partisanship, is 
temperate, and the modern enthusiasm for more active measures has not 
prevented a sound emphasis on the value of the older, conservative treat- 
ment by rest alone. The book is heartily recommended to those who wish 
to learn the significant events in the history of the disease quickly. 


E. L. 


LOEWENSTEIN: DIS TUBERKELBAZILLAMIE Til 


Tue Common Coup Their relationship to other infec- 
tions in man and animals. The Nature of Disease Annual Reports for 
the Years 1934 and 1935.) By J. E. R. McDonacu, F.RLC.S. Pp. 152. 
London: William Heinemann, Ltd., 1936. Price, 12s. 6d. 

Ler the Reviewer say at once that this volume throws more light upon 
the nature of the author than upon the nature of disease. The book con- 
sists of a philosophic discussion of disease based upon the author’s theory 
“that there is only one disease and one cause in man and animals alike” 
(p. 119). The cause is the activity of short waves emanating from space 
(cosmic rays) and from bacteria. Pathogenic bacteria are all mutations 
of B. coli communis, illustrated by a chart showing six ladders proceeding 
away from the parent form. Disease is due to the hydration of protein 
particles after their dehydration under the influence of short waves. Bac- 
teria of the intestinal canal are the offenders and they undergo cycles of 
activity. By quoting percentages of various bacteria found in two intestinal 
canals of animals and man, the author shows to his satisfaction their 
relationship to disease. He gives no figures from which the percentages 
are computed. He describes no technique which was used. He quotes 
no references to work done by others. 

For prevention and treatment for the common cold and influenza he 
recommends high colonic irrigation, ultrashort wave therapy and oral or 
subcutaneous doses of washings made from emulsions of the patient's 
intestinal organisms (Anepidem”’). This treatment, with minor modi- 
fications, was found to be successful in quoted cases of lobar pneumonia, 
cerebral edema, rheumatoid arthritis, sciatica colitis, mucous colitis, 
asthenia and myasthenia, thrombophlebitis migrans and eczema. 

The author is unimpressed by the work of Smith, Andrewes, and Laidlaw, 
in London, and Francis and Shope, in the United States, whose work he 
describes without mentioning their names or giving references to their 
papers. 

The whole book is unscientifically presented, is tiresomely repetitious and 
unworthy of consideration. H. P. 


Dit TUBERKELBAZILLAMIE IN IHRER AUSWIRKUNG AUF DIE GESAMTMEDIZIN. 
By Pror. Dr. Exnsr Loewenstern, Vienna, mit einem klinischen Teil 
von Pror. Dr. Cart Rerrrer, Pror. Dr. Withetm NeuMANN und 
Pror. Dr. Orro Kren. Pp. 388; 4 plates, 2 of them colored. Leipzig: 
Franz Deuticke, 1936. Price, Paper, M.20; Bound, M.23. 

Tuts book represents the picture of tuberculosis gained by the author 
ifter 35 years of laboratory research on its pathogenesis. The views of 
Loewenstein, some of which are revolutionary, are now well known through- 
uit the world. They have elicited confirmatory evidence in widely sepa- 
ited quarters and much controversy. This is not the place to discuss 
‘he merits of the opposing views. Loewenstein’s book serves the useful 
uurpose of bringing together between two covers statements of his theories 
n each of the varied pathologic states in which he feels the virus of tuber- 
losis is concerned, theories built on evidence previously widely scattered 

the current medical journals. In analyzing his picture it is perhaps 

1 order that, distinctive and individualistic as it is, it represents but one 

ase of the still larger revolt against the conventional bacteriology of 

‘uberculosis. The granular forms, the ultravirus and the dissociated forms, 

ave filled the literature in recent vears. Loewenstein, using a medium and 

ilture method of now universally recognized value, has perhaps departed 
he furthest from the conventional field. According to his view the typical 
iatomie tuberculous structure represents but a short facultative phase 

i the eyele of tuberculosis, a disease, in his opinion, characterized by a 
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whole series of non-nodular ailments, having in common only their origin 
through the tubercle bacillus, and more specifically a tubercle Bacillus 
bacillemia. His studies have brought him to inelude in his picture wide 
variability in the form of the virus of tuberculosis, not uncommon fetal 
transmission, frequent alimentary origin, bacillemia in all forms of the 
disease, and a tubercle Bacillus bacillemia in such dissimilar diseases as 
pulmonary tuberculosis, rheumatoid arthritis and dementia pracox. The 
present volume, well printed and in handy size, affords easy opportunity 
for examining in detail the evidence back of these views. E. L. 


THe Sureicat Cuinics or Norra America. Vou. 16, No. (CHreaco 
NUMBER—FEBRUARY, 1936). Pp. 356; 7S illustrations. Philadelphia: 
W. B. Saunders Company, 1936. Price, Paper, 312.00; Cloth, $16.00 
(per clinie year, February- December, 1936). 

Tuis, the first number of the 1936 series, inaugurates a new kind of 
clinical presentation. To quote from the publishers: ‘In this, and in 
future Numbers, we shall present a Symposium on some surgical subject 
of universal interest. The Symposium in the February Number on Can- 
cer of the Cervix, will show how the practical phases of the subjects are 
presented. The purpose of these Symposia is to give the practicing surgeon 
the benefit of the actual clinical experience of recognized authorities in the 
diagnosis and detailed management of his own cases—disease as it is 
encountered in daily bedside practice. 

“The balance of each Number will present approximately fifteen clinics 
on almost every phase of surgery—the head, neck, thorax, abdomen, the 
genito-urinary tract, obstetrics, gynecology, the extremities, ete. And 
here again, we shall present the management of run-of-practice surgical 
conditions. The recitation of long case histories, the inclusion of rare 
surgical conditions and the too highly scientific and abstraet problems of 
surgery will find no place in these new Surgical Clinics.’ In the present 
number, for instance, there is a 58-page article on Manipulative Surgery by 
Dr. Philip Lewin, while Appendicitis (Bevan), Sprains (Jennings), Fracture 
of the Jaw (Moorhead), Spastic Paralysis (Chandler), Breast Cancer 
(Malcolm) and Gangrene (de Takats) receive extended treatment. 

E. K. 


Tue Tuyroip, Surcery, SyNproMEs, Treatment. By E. P. SLoan, 
M.D. Edited by Members of the Sloan Clinic, Guy A. Stoanx, M.D.; 
H. P. Stoan, M.D.; FRANK Deneen, M.D.; H. W. WeLUMERLING, 
M.D., and O. H. Batt, M.D. With a foreword by WiLLiam SeAMAN 
BAINBRIDGE, M.D. Pp. 475; 99 illustrations. Springfield, Ill.: Charles 
C Thomas, 1936. Price, $10.00. 

Dr. SLOAN states in the preface to this very interesting and instructive 
monograph that, “the aim of this book is to recount the working theories 
and conclusions of a surgeon who has devoted 25 vears of his life exclusively 
to goiter work.”” The work is not intended to be encyclopedic. There are 
20 chapters, 16 of which are directly concerned with the thyroid gland; 
1 on parathyroids, and 1 on thymus. One chapter consists of a short his- 
toric survey and the final one is on nomenclature and classification. There 
is a good working bibliography and an excellent index of subjects and names. 
The chapter on General Anatomy and Physiology, while interesting, is 
much too brief for a monograph of this size. It is the weakest part of the 
volume and will prove disappointing to those who look to it as a reference 
work. The chapters on etiology, prophylaxis, pathology, symptomatology, 
prognosis and surgical anatomy are extremely well done. The illustrations 
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of the surgical anatomy of the neck, several of which are in color, are splen- 
did. In the chapter on preoperative treatment, the medical care of the 
patients who also have severe cardiac disease could have been well amplified. 
Certain of the drugs used by the author in the thyro-cardiac are not generally 
used. 

It isstated that iodin is best administered in the form of Lugol's solution, 
but that some patients tolerate iodoform better. The evidence at present 
strongly indicates that the iodin in Lugol's solution is absorbed from the 
intestinal tract in the form of sodium iodid, a form in which it can be readily 
administered. The sections on oper: itive technique and postoperative 
management are full of the author's ideas gained from an extensive ex- 
perience in thyroid surgery. 

The criticisms which have been enumerated are more than offset by the 
wealth of material which the author and his associates have placed in this 
monograph. It is much more than a surgical treatise. It should be a real 
value to a large group of practitioners whether they be in private practice 
or public health work. The publisher should be commended for the paper, 
the type and the format, which are excellent. 2 


Tue Cuemisrry or Natural Propucts ReLATED TO PHENANTHRENE. 

By L. FP. Freser, Associate Professor of Chemistry, Harvard University. 

A monograph of the American Chemical Society series of scientific and 

technologic monographs. Pp. 358. New York. Reinhold Publishing 

Co., 1936. Price, 86.50. 

Tue publication of this monograph is very timely. Since the original 
clarification in 1932 by Rosenheim and King of the structure of bile acids, 
there has been a great increase of knowledge concerning the structure and 
physiologic properties of a host of chemical substances of the class of sterols 
related to either cholesterol or coprosterol. It appears that Nature is 
exceedingly partial to certain chemical configurations and reverts to them 
time and time again in her quest for “functional” agents. Thus, bile 
acids, cholesterol, vitamin D, the female and male sex hormones, embryonic 
“cell organizers’’ and cardiac stimulators ali have in common the skeleton 
structure, phenanthrene eyclopentane. Add to these substances certain 
carcinogenic compounds which are related chemically to the above, and it is 
easy to realize the prime importance to medicine of this line of chemical 
development. 

Vieser, himself engaged in research upon “carcinogenic sterols,” treats 
the whole subject with admirable clarity and evident enthusiasm. The 
material is so well organized that a non-chemist can find large profit in even 
the purely chemical sections. The volume is not only a reference work, but 
in exceedingly readable fundamental text. It is whole-heartedly recom- 
mended to all readers. D. DD. 


SPRENGTH OvuT OF SUFFERING. A translation of “ Servitude et Grandeur de 
la Maladie.” By France Pasroretut. Pp. 224. Boston: Houghton 
Mifflin Company, 1936. Price, $1.50. 

Tuts autobiographic book has also appeared in France and England, each 

‘ime under a different title. For 15 years an invalid, the last 4 spent in bed, 
iis sufferer from incurable heart disease tells us that from the first, a 

mous professor gave her but one more year of life. Frustrated in her 

‘ort to be a pianist—and her talent was very decided—she evolved a 
ilosophy of sorrow, sought and found solace therein. What the Madame 

ives not tell, though her “case history”’ reveals, is, that she likewise has a 
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psychoneurosis. However, grateful for her adjustment, she is endeavoring 
to aid all hopeless sufferers. But this rather poetic and prayerful presenta- 
tion, shows too little restraint and too much emotion to benefit any but the 
psychoneurotic in need of an emotional outlet. 


Uro.Logy iN Women. A Handbook of Urinary Diseases in the Female Sex. 
By E. Caruerine Lewis, M.S. (Lonp.), (ENG.), Surgeon to 
the Royal Free Hospital; Surgeon and Urologist to the South London 
Hospital for Women. Pp. 100; 31 illustrations, some in colors. Second 
edition. Baltimore: William Wood & Co., 1936. Price, $2.25. 

THE purpose of this small work is to present only the urologic lesions 
peculiar to women. The incompleteness necessitated by such a scope 
rather limits the usefulness of the book by making it an adjunct to larger 
works on surgery or urology. An interesting discussion of the rather rare 
lesion of endometriosis of the bladder is noted, as well as a section on vesical 
neck obstruction. Among the revisions are the discussion of changes of the 
ureters during pregnancy and menstruation, the dietary treatment if 
pyelitis and on nephroptosis. There is a marked tendency to recommend 
proprietary therapeutic agents by their trade names. The subject matter is 
well handled and the book should be useful, though in no sense a work of 
reference. 


ILLustrious ‘TO PUBLIC Heavru. A Souvenir. Prepared 
for the Dedication Exercises on Tuesday, November 26, 1935. By 
CHARLES FREDERICK BoLtpuan, M.D., Department of Health, City of 
New York. Pp. 33; illustrated. Privately printed, 1936. Price, 81.00. 
(Can be obtained from the New York Academy of Medicine.) 

WHEN the new public health building was planned for New York City, 
the New York Academy of Medicine was asked to select 29 illustrious con- 
tributors to public health whose names were to be carved on the frieze of 
the new building. This brochure gives a brief account of the distinctive 
contributions of each, 11 Americans, 7 English, 3 German and so on from 
Moses to Biggs. With a paragraph er two for each, and each illustrated 
with a portrait, this booklet gives a pleasant approach to the history of this 
important subject. EK. K. 


THe INTERNATIONAL Mepicat ANNUAL. Fiftv-Fourth Year, 1936. A 
Year Book of Treatment and Practitioner's Index. Editors: H. Lerurny 
Tipy, M.A., M.D. (Oxon.), F.R-C.P., and A. Renpie Suorr, M.D., 
B.S., with 36 Contributors. Pp. 555; 73 illustrations 
and S81 plates, some in colors. Baltimore: William Wood & Co., 1936. 
Price, 86.00. 

Tuts volume opens with Osler’s truism that a textbook of medicine must 
not be a yearbook. Conversely, a yearbook, which, like minutes, ‘must 
record the proceedings of the previous vear,”’ can offer information or leads 
to the student of medicine not to be gleaned from textbooks and only too 
widely scattered in current journals. Taken in this way yearbooks have 
their places, and when they are done as well as this one and by as dis- 
tinguished a group of contributors, their value is assured. As usual, great 
skill has been shown in condensing a large amount of material into small 
space. The emphasis on treatment reflects the practical nature of the 
British clinic. E. K. 
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Mepreat Parers. Dedicated to Henry Asbury Christian, Physician and 
Teacher. From his present and past associates and house officers at the 
Peter Bent Brigham Hospital, Boston, Mass. In honor of his Sixtieth 
Birthday, February 17, 1936. Edited by Ronerr T. Monror, Peter 
Bent Brigham Hospital, Boston. Pp. 1000; illustrated. Baltimore: 
The Williams & Wilkins Company, 1936. 

Tits handsome volume composed of over one hundred valuable medical 
papers, is written by Dr. Christian's present and past Associates and House 
Officers. [t contains not only much useful and entirely practical information 
forevery day application in general medical practice. Even more important 
at a period when Medicine, in common with other professions, needs in- 
<piring leadership, there are two articles that successfully outline a vivid 
word picture of the man whose wholesome influence has greatly inspired 
both his intimate associates and other physicians Coming into intimate 
contact with him. In an essay entitled, “An Appreciation,” 
a reader who is not fortunate enough to have been one of Dr. Christian's 
* Boys.” may learn the influences, hereditary, environmental and personal 
that caused Dr. Christian to become the medical leader that he is uni- 
versally admitted to be. “W. TLV.” states, “He (Doctor Christian) has 
combined within him those attributes which make him. in all probability, 
the greatest living trainer of men in internal medicine.” The present re- 
Viewer, who possesses limited accurate information concerning medical 
leadership outside North America, is in perfect accord with “W. T. V.'s” 
statement and sincerely wishes for the sake of American Medicine that 
every medical school and every medical center could be equally fortunate 
In its sources of medical inspiration. Dr. Christian made a statement, in 
addressing a Fellowship of the American College of Physicians, a few years 
ago, that makes one pause. He said, * Physicians may be divided into two 
classes and two classes only: those who are learning and those who are 
forgetting: Those who each year know more and those who each vear know 
less: there is no third class.” The physician who reads the volume of 
medical papers, dedicated, very properly, to this distinguished leader of 
medicine at a time when he is in his productive years, will have, under 
pleasant and thought productive auspices, continued in the class of physi- 
clans who are a credit to their profession, E. B. 


INTERPRETATION OF LABORATORY FINDINGS. By Raymonp H. Goopace, 
M.D... Pathologist, City Hospital, Worcester. Massachusetts; Visiting 
Pathologist, Belmont and Fairlawn Hospitals, Worchester, ete. Pp. 
170. Philadelphia: F. A. Davis Company, 1936. Price, $2.25. 

Dik. Goopxte has attempted to place into a small handbook a brief 
count of the more important laboratory data for the purpose of assisting 
i physician in an economical laboratory investigation of a disease. Obvi- 
usly to incorporate the data in a small 170-page volume means the briefest 
ossible summary. However, one may find here the answers to many 
juestions that may confront the clinician. 

Of the 4 parts, Part One (“Normal Values and Interpretation of Ab- 
ormal Values"’) is complete enough for the ordinary routine tests. The 
umber of subjects covered is limited to those few that are well known, and 
hose in which the technicalities are about the same in each laboratory. 

In Part Two (* Diseases with Associated Laboratory Findings’’). The 
iseful tests are grouped according to disease, and their average findings are 
iven. This should prove helpful to internes in formulating a plan of 
linical pathologic investigation and follow-up. These data when coupled 

ith the clinical history and physical findings should make an adequate 
ud economical work-up for the patient. 
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Part Three (The Physiologic Pathology of Body Fluids and Excreta’’) 
is brief. It is excellent in the topics covered. Much knowledge of this type 
should be obtained by every practitioner. 

Part Four (“Preparation for Laboratory Procedures”) includes the 
ordinary tests as outlined in Part One, and is adequate. 

It is felt that if this book is consulted, there will be a marked improve- 
ment in the choice of tests, especially by internes, with a consequent lowered 
cost of medical care to the patient. J.B. 


On Percussion or THE CHest. Being a Translation of Auenbrugger’s 
Original Treatise Entitled “Inventum novum ex percussione thoracis 
humani, ut signo abstrusos interni pectoris morbos detegendi.”” [Vienna, 
IS6L.| By Joun Forses, M.D. [London, 1824]. Introduction by Henry 
I. Sigerist, Pp. 31; 2 illustrations. Baltimore: The Johns Hopkins 
Press, 1936. Price, 75e. 

How many physicians among the thousands daily practicing percussion 
know that it was discovered by Auenbrugger less than two centuries ago? 
How few among those that have this knowledge have read the brief 4S ob- 
servations and scholia whose publication signalized the discovery? Without 
probing for an answer which would perhaps be humiliating, let us dwell on 
the pleasure and value to physician and medical student of this adequate 
inexpensive booklet containing John Forbes’ translation, the only one ever 
made into English. In fact, this and Neuburger’s quadrilingual reprint of 
1922, the bicentennial of Auenbrugger’s birth, are about the only places 
where an English translation can be found. The Latin original is practically 
unobtainable and even Corvisart’s French translation (1808) a searce 
treasure for the medical bibliophile. Sigerist’s introduction, reprinted from 
the Bulletin of the Hopkins Institute, gives a useful setting to the author 
and his book. One wishes it could have been longer, perhaps the most 
successful achievement for an introduction. ke. Kk. 


Mepicat History or Conrracerrion. By Norman E. Himes, Pu.D., 
Medical Foreword by Robert Latou Dickinson, M.D., F.A-C.S. Pp. 521; 
30 illustrations and 29 tables. Baltimore: The Williams & Wilkins Com- 
pany, 1936. Price, $7.00. 

In the short time in which contraception has occupied medical and public 
attention to any notable extent, more than the usual amount of acrimony 
based on ignorance has been developed. In this field especially, then, is 
an impartial historic study of great practical as well as cultural value. A 
medico-social borderland, it has now been appropriately investigated by a 
sociologist whose work was scanned by a medical editorial board. 

To many it will be a surprise that the practice of birth control is wide 
spread in primitive peoples (rather stiffly called “ preliterate societies’? by 
the author) and that the Kahun papyrus (ca. 1850 B.C.) contains contra- 
ceptive prescriptions. If Lippert’s generalization is correct, “The farther a 
notion reaches back into primitive times for its origin, the more universal 
must be its extent, and its power in history is rooted in this universality,” 
then we are dealing with a powerful force indeed. In this scholarly book the 
first five parts deal with Contraceptive Technique in different past ages and 
localities, while the last and longest part deals with the present and future. 
An idea of relative emphasis is furnished by the greater number of index 
references to Sarton or Soranus than to Margaret Sanger; and to R. L. 
Dickinson than to Stopes, and so on. The material collected is compre- 
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hensive and well documented. It is treated in such a scholastic manner 
that not only will the prurient be disappointed but the legitimate reader will 
find much of the going dry if not dusty. This is a minor fault, if fault it be, 
in such a subject. If the book succeeds, as it should, in impressing on its 
readers the past and present significance of the birth control movement, 
it is indeed valuable. E. K. 


NEW BOOKS. 


Chemical Clinical Laboratories. By Marsorie R. Marrice, 
A.B., Se.M., Assistant Professor of Clinical Pathology, New York Post 
Graduate Medical School of Columbia University; Assistant Director of 
the Biochemical Laboratory, New York Post Graduate Hospital; Con- 

sultant Chemist, Reconstruction Hospital, New York City. Pp. 520; 
90 illustrations and 2 colored plates. Philadelphia: Lea & Febiger, 1936. 
Price, 36.50. 

Gynecology and Obstetrics. (Vol. XVII of Clio Medica.) By Epwin M. 
Jameson, M.D., Surgeon, General Hospital; Consulting Surgeon, Recep- 
tion Hospital, Saranac Lake, New York. Pp. 170; 5 illustrations. New 
York: Paul B. Hoeber, Inc., 1936. Price, $2.00. 

Oral Hygiene and the Treatment of Parodontal Diseases. By Russe. W. 
Bunting, D.D.Se., Professor of Oral Histology and Pathology in the 
School of Dentistry of the University of Michigan, Ann Arbor. Pp. 187; 
SO illustrations. Philadelphia: Lea & Febiger, 1936. Price, $2.50. 

Theory and Practice of Psychiatry. By WILLIAM S. SADLER, Chief Psychia- 
trist and Director, The Chicago Institute of Research and Diagnosis; 
Consulting Pp gear to Columbus Hospital, ete. Pp. 1231. St. 
Louis: The C. V. Mosby Company, 1936. Price, $10.00. 

Arthritis and Rheumatic Disease. By Maurice F. Lautrman, M.D., Con- 
sultant to the United States Public Health Service Clinic and Director 
of the Department for the Study of Arthritis, Levi Memorial Hospital, 
Hot Springs, Arkansas. With a Foreword by Morris Fisupermn, M.D. 
Pp. 177; 12 illustrations. New York: McGraw-Hill Book Company, 
Ine., 1936. Price, $2.00. 

Physician, Pastor and Patient. Problems in Pastoral Medicine. By 
GeorGE W. Jacony, Past President of the American Neurological Asso- 
ciation and the New York Neurological Society. Pp. 390; 20 illustra- 
tions. New York: Faul B. Hoeber, Inc., 1936. Price, $3.50. 

1 Diabetic Manual. For Practitioners and Patients. By Epwarp L. 
Borrz, A.B., M.D., F.A.C.P., Associate Professor of Medicine, Graduate 
School of Medicine, University of Pennsylvania; Chief of Medical Service 
B, The Lankenau Hospital, Philadelphia, ete. With a Foreword by 
GEORGE Morris Prersou, B.S., M.D., F.A.C.P., Professor of Medicine, 
Graduate School of Medicine, University of Pennsylvania, ete. Pp. 
222; 12 illustrations (2 in color). Philadelphia: F. A. Davis Company, 
1936. Price, $2.00. 

Schlacke und Vitamine. Die Schlackenkost als Behandlungsweg bei 
Krankheitszustiinden. By Pror. Dr. HuGo Satomon, Buenos Aires. 
Pp. 263. Wien: Franz Deuticke, 1936. Price: Paper, M. 12.; 
Bound, M. 14.40. 


By “Schlackenkost” (roughage) the author understands food richest in cellulose, 
fruit acid, sugar and so on (whole-meal bread, raw fruit). On the first 100 pages 
he thoroughly analyzes the scientific foundation of this food. On the remaining 
150 pages he discusses its application in various diseases (diarrhea, peptic ulcers, 
typhoid, tuberculosis, metabolic, cardiac, renal diseases and so on). W. 
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An Introduction to Psychological Medicine. By R.G. Gorvon, M.D., D.Se., 
F.RLC.P. (ep.), Physician to Royal United Hospital, Bath; Physician to 
Bath and Wessex Orthopedic Hospital, Bath, ete., N. G. Harris, M.D., 
B.S. (Lonp.), D.P.M., Physician in Charge to Woodside Hospital; 
Physician for Psychological Medicine, Middlesex Hospital, ete., and 
J. R. Rees, M.A., M.D., D.P.H. (Camp.), Medical Director, Institute 
of Medical Psychology. Pp. 386; illustrated. New York: Oxford 
University Press, 1936. Price, 84.00. 

Le Probleme du Cancer. (Extrait de la Gazette Médicale de Nantes du 
Mois de Juin, 1936.) By Docrrur Raprix, Professeur-honoraire de 
l’Ecole de Médecine; Directeur de Institut Pasteur de Nantes. Pp. 60; 
7 plates of illustrations. Nantes: Imprimerie de Bretagne, 1936. 
(Price not given.) 

An Introduction to Materia Medica and Pharmacology. By HuGau Auisrer 
McGuigan, Pu.D., M.D., Professor of Materia Medica, Pharmacology 
and Therapeutics, University of Illinois, College of Medicine, Chicago, 
and Epirxa P. Bropir, A.B., R.N., Formerly Director, School of Nursing, 
Vanderbilt University, Nashville; Formerly Instructor in Materia Medica 
and Therapeutics, Washington University School of Nursing, St. Louis. 
Pp. 580; 71 illustrations and 18 color plates. St. Louis: The C. V. 
Mosby Company, 1936. Price, $2.75. 

Mrs. Eddy Purloins from Hegel. Newly Discovered Source Reveals Amaz- 
ing Plagiarisms in Science and Health. By Wavrer M. Hausuarer. 
Pp. 126; illustrated. Boston: A. A. Beauchamp, 1936. Price, $1.50. 

Die Vererbung innerer Krankheiten. By Pror. Dr. Witnetm Werrz, 
Direktor der Il. Medizinischen Klinik und Poliklinik an der Universitit 
Hamburg. Pp. 197; 67 illustrations and 12 tables. Stuttgart: Ferdi- 
nand Enke, 1936. Price: Paper, Rm. 13.; Bound, Rm. 14.60. 

Microbiology and Pathology for Nurses. By Cuarves F. Carrer, B.S., 
M.D., Director, Carter's Clinical Laboratory, Dallas, Texas; Formerly 
Director of Laboratories, Parkland Hospital, Dallas, and Lecturer in 
Bacteriology and Pathology, Parkland Hospital School of Nursing. Pp. 
682; 138 illustrations and 14 color plates. St. Louis: The C. V. Mosby 
Company, 1936. Price, 83.00. 

Einfluss der Gemiitshewegungen auf den Korper. (Affektphysiologie und 
Organneurosen.) By Dr. Erich Wirrkower. Pp. 215; 23 illustrations 
and 12 tables. Leipzig: Sensen-Verlag, 1936. (No price given.) 

Atlas of Congenital Cardiac Disease. By Maupe E. Asporrt, B.A., M.D., 
F.R.C.P. (Canapa), Curator of the Historical Medical Museum and 
Assistant Professor of Medical Research, MeGill University, Montreal, 
Canada. Foreword by Dr. Pau. D. Wuirr, Pp. 72; 25 plates with 
more than 200 illustrations. New York: The American Heart Associa- 
tion, 1936. Price, $5.50. 

The Theoretical Possibility of Immunizing the Olfactory Mucosa Against Polio- 
myelitis Virus. By 8. Peskinp, B.S., M.D., Cleveland, Ohio. Pp. 22. 
Cleveland: 3S. P. Mount Printing Company, 1936. (Price not given.) 

International Clinics. Volume I11, Forty-sixth Series, 1936. Edited by 
Louis Hamman, M.D., Visiting Physician, Johns Hopkins Hospital, 
Baltimore, with 14 Collaborators. Pp. 339; illustrated. Philadelphia: 
J. B. Lippincott Company, 1936. 


NEW EDITIONS. 


A Text-Book of Neuro-Anatomy. By AuBert Kunrz, Pu.D., M.D., Pro- 
fessor of Micro-anatomy in St. Louis University School of Medicine. 
Pp. 519; 307 illustrations. Second edition, thoroughly revised. Phila- 
delphia: Lea & Febiger, 1935. Price, $6.00. 
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THE PRESENT STATUS OF THE CLINICAL USE OF CEVITAMIC 
ACID (ASCORBIC ACID) (CRYSTALLINE VITAMIN C). 


Tue difficulty of presenting a detailed review of the present status 
of knowledge concerning vitamin © becomes at once apparent when it 
is realized that, in the single year, 1935, approximately one thousand 
articles appeared throughout the world dealing with this substance and 
that, at present, new papers are being published at the rate of about 
fifty each month. The author has, therefore, elected to attempt to 
point out the significant trends along the lines of which profitable 
investigation is being engaged in and to present critical comments on 
present and past studies. In addition, original work based on our own 
research will be included where relevant. 

The Chemistry of Cevitamic Acid. The antiscorbutic properties of 
the citrus fruits and certain other substances have long been recognized, 
ind numerous workers, notably Zilva,!~*’ Hess," Tillmans®-* and 
‘heir co-workers were engaged for years in an attempt to understand 
ind to isolate the active principle involved in this action. It remained 
lor Szent-Gyérgyi® to isolate hexuronic acid in 1928, but its identity 
with crystalline vitamin C was not recognized until 

This substance is an odorless, white or yellowish white crystalline 
owder with a melting point of from 189-192° C. The acid titration 
orresponds with the formula CgHyO¢.* A summary of its physical 


snd chemical properties with references may be found in a previous 


paper.’ It was first isolated from cabbages, oranges and adrenal cortex 
ibstance and later from adrenal medulla, corpus luteum, lemon juice, 
paprika, green pepper, gladiolus, iris, skunk cabbage (symplocarpus 
tidus), parsley, watercress and other sources. It has been synthe- 
zed" as well as a number of analogues and derivatives of which some 
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such as d-arabo-ascorbie acid,’ /-rhammno-ascorbie acid (the enantio- 
morph of the fully active /-ascorbie acid) are inactive"! 

The Vitamin C Content of Common Foods. —‘The question as to 
whether the average diet contains sufficient vitamin C to compensate 
for normal utilization and loss has received careful consideration. Van 
Kecklen and Wolff have determined that a person of 70 kg. body 
weight needs about 50 mg. of ascorbic acid a day. Among the Dutch 
population the average mean intake in their studies equalled 91 mg., 
the lowest value being 55 mg. and the highest 124 mg. Intake is largely 
influenced by the consumption of citrus fruits and potatoes, although 
many vegetables and fruits contribute to the total. There is a consider- 
able variation in the vitamin C content of citrus fruits and tomatoes 
and this is even more marked in the commercial juice products." 
(For lists of vitamin C content of foodstuffs, see Refs. 66 and 64.) It 
should be noted that, while breast milk usually contains sufficient 
vitamin C to protect against scurvy, cow’s milk taken directly from the 
udder contains only 4 to } as much vitamin C as breast milk. Further 
loss in cow’s milk is produced by: 1, pasteurization; 2, ageing, especially 
in light; 3, reheating®* and usually 4, dilution before it reaches the infant. 
Hence,’ there is a need for supplementary use of citrus fruit juice or 
other forms of vitamin C in infant feeding. The cow is known to syn- 
thesize its own vitamin C and not to depend on its content in the food. 
It is, therefore, unlikely that this condition can be affected significantly 
by changes in the cow’s diet.°° Chakraborty®’’ was, however, able to 
increase the vitamin C content of humans’ milk 1.5 times by the admin- 
istration of increased amounts (109 mg. daily) of vitamin ©. This has 
been confirmed by Sellig and King.”! 

The Utilization of Vitamin C in the Body. -The utilization of vita- 
min C, taken by mouth, is not fully understood. A considerable amount 
is probably lost in the stool, varying amounts are excreted in the urine, 
and the remainder appears to be stored, utilized or resecreted as, for 
example, in the saliva.” It has been demonstrated in various body 
tissues and fluids, as, for example, the adrenal,” pituitary,’! ovary,” 
possibly tumors,” blood serum,’ cerebral spinal sweat,™ 
aqueous humor???" and in the urine by many workers. 

The urinary excretion of vitamin C is of importance in helping to 
determine the state of vitamin © nutrition of an individual. Harris 
and Ray™ reported that the urine of normal individuals showed a 
rather constant daily quantity of cevitamic acid averaging 30 to 33 mg. 
per day. This uniformity in daily excretion of vitamin C has not, 
however, been found by other workers, including ourselves ;** Johnson 
and Zilva,™ for example, conclude that there is no definite standard of 
normality as regards urinary excretion of cevitamic acid in man and 
cite instances in which the daily excretion reached as much as 70 to 

150 mg. In our experience, the average normal excretion has been 
20 to 30 mg. daily; rarely has it reached 35 mg. It has been found that 
further information regarding the degree of so-called “vitamin C 
saturation” of the body can be obtained by the use of what is known as 
a “test~lose method.”7"—s The response to the test dose which 
should be large (500 to 1000 mg. of cevitamic acid by mouth) depends 
largely on the vitamin C dietary intake previous to the test. Normally, 
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the response in vitamin © excretion approximates 30% of the test dose 
within 24 hours. The peak of the excretion is reached during the second 
and third hours with a gradual return to the normal level towards the 
end of the 24 hours. A return of 20°7 or less represents a suboptimal 
state of storage. If daily large doses of cevitamic acid (100 mg. or more) 
are given, there will be a gradual increase up to 76 or more per cent. 
Schultzer found this level to be 50°7 in his eases.*? This is considered 
to represent a state of vitamin © saturation for the individual, and 
continued equal dosage will not elevate the level of excretion in that 
person. In other words, the total ability of the individual to use or 
store vitamin © has been reached and the organism throws off a very 
high percentage of the dosage, when the sources of loss are considered. 
That this ability to store vitamin © is very limited is easily demon- 
strated by the rapidity with which the urinary excretion and blood 
level, to be considered later, drops on a vitamin C-free diet. As empha- 
sized by Youmans et al.,> the state of saturation probably does not 
represent an optimal or normal storage of vitamin © but is an artificial 
state produced only by the intake of large (excessive) doses of the vita- 
min. The above statements apply only to the normal. As will be 
pointed out later, many factors may change the vitamin C metabolism 

and alter the urinary excretion markedly. 
Sources of Error in Vitamin C Determinations. Since methods for 
determining the urinary vitamin C and the test dose technique are 
being more generally used, a few words of warning are in order regarding 
the common sources of error which have invalidated some of the pub- 
lications dealing with this subject. Certain other reducing substances 
found in normal urine, namely, glutathione, cysteine and ergothioneine, 
are felt by Van Eeckelin® to constitute a definite source of error. He 
also found in the urine of some diabetics another reducing substance 
which he felt was probably a thiosulphate. These constituents have 
not been generally considered to be present in sufficient quantities to 
change the determinations significantly, but they can be removed by 
precipitation with mercuric acetate before titration. The method of 
determination most generally employed was introduced by Tillmans** 
and modified in varying ways by many groups of workers. The prin- 
ciple involved rests on the reduction of the cevitamic acid in the un- 
known by titration against the dye 2 to 6 dichlorphenol-indophenol. 
lt was soon found that the vitamin C content measurable dropped 
rapidly on standing, and we have studied at some length the factors 
producing marked error in the results.“ The findings may be briefly 
summarized as follows: The dye must be carefully prepared including 
everal washings with ether to remove a pink impurity which frequently 
interferes with the end-point readings. Harris and Ray*® state that 
2. The urine should be titrated immediately it is passed, or, if 
this is impracticable, 10° by volume of glacial acetic acid may be 
added as a preservative. Under such circumstances, the vitamin C in 
the urine may be preserved for about 10 to 12 hours with relatively 
little loss.” We have found, however, that the loss, under such cireum- 
tances, could be considerable. Thirteen experiments were performed 
i Which fresh specimens of urine, acidified 10% by volume with glacial 
wetic acid were titrated immediately, and 2, 4, 6 and 24 hours later. 
( nder ordinary conditions of light and room temperature, the loss, dur- 
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ing the stated times, averaged: 14.607, 30.40), 37.607) and 78.50% 
respectively, yet, papers have been published based on 24-hour speci- 
mens preserved as above outlined. The loss is greatly lessened by 
keeping the specimen in the dark or in dark brown bottles and at ice- 
box temperature or on ice. Acidifying the urine was definitely impor- 
tant, but, in our studies, sulphuric acid added until the urine reached 
a pH 3, as suggested by Johnson and Zilva™ gave a greater preservative 
power than the acetic acid above mentioned. The use of toluene or 
mineral oil produces no preservative effects. If the urine must stand, 
the least loss, in our experience, will occur if the specimen is acidified 
with sulphuric acid to pH3 and is kept in the dark at ice-box tempera- 
ture. Under these conditions, the specimens showed generally no loss 
in the first 6 hours and varied from no loss to 12.27 loss in 24 hours. 

The Vitamin C Content of the Blood. ‘The vitamin © content of the 
blood has also been studied carefully to determine its significance as an 
index of the state of vitamin © nutrition of the individual. There are, 
at present, great differences of opinion regarding the state in which 
cevitamic acid is present in the blood and also the value of its level as 
an index of the vitamin © saturation of the body. Van Eekelen and 
his co-workers’ have studied the amount of cevitamic acid which 
they claim occurs in the blood in a reversibly oxidized state. Kellie 
and Zilva,"' on the other hand, have presented evidence that the blood 
does not contain the reversibly oxidized form of the vitamin. Plant 
and Bulow™ feel that, in the blood, it is mainly present in the reversibly 
oxidized forms, that the reduced form is found especially in a high 
vitamin © diet, and that variations in the cevitamic acid in the blood 
affect only the reduced form. They feel that cevitamic acid cannot be 
oxidized in the blood either in vivo or in vitro. Mirsky, Swadesh and 
Soskin™ have modified the method of Van Eekelen in order to determine 
what they consider to be the total content of ascorbic acid present in 
the reduced form, any oxidized material being converted to the reduced 
form by the procedure. They state that by this method, they have 
been unable to determine any correlation between the total cevitamic 
acid content of the blood and the dietary régime. Farmer and Abt” 
have presented a macro and a micro method of determining the reduced 
ascorbic acid in the blood. They find a definite correlation between 
this blood level and the vitamin © intake. 

The interpretation of the blood determinations by any of the sug- 
gested methods is also a matter of serious debate at present. Using 
the method of Farmer and Abt, we have found a normal blood level in 
adults to rest between 0.7 and 1.3 mg. per LOO ce. This agrees rather 
closely with the findings of Gabbe” and Farmer and Abt (in children). 
These figures can be made to vary considerably by a short abstinence 
from or intake of large doses of vitamin C. The value of a single reading 
is, in our opinion, questionable. We have studied the effect of the intra- 
venous injection of a large amount of vitamin © (1000 mg.)* on the blood 
levels in patients with a previous poor intake of vitamin C and in those 
with a good vitamin C intake.’ There are three important features to 
the normal response to this test: 1, an immediate rise in the blood level, 
which, at 15 minutes, is found to be at 4 to 10 mg. per 100 ce. of blood 


* Cevitamic acid used in our studies was supplied through the kindness of Merck 
& Co., Rahway, N. Y. 
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plasma; 2, a high “normal” level at the end of 3 hours; 3, the excretion 
in the urine of 45°7 or more of the amount injected during the following 
24 hours. 

In a patient with a poor previous intake, the initial rise in the blood 
is decidedly less high and the urinary excretion is markedly lessened, 
both showing a tendency to storage. This test probably represents our 
best method for determining the vitamin © saturation state of a given 
individual. Similar results can be obtained by oral administration of 
the vitamin, but the intravenous route obviates the possibility of loss 
through lack of absorption. 

The Fragility of the Minute Vessels of the Skin and Its Relation to 
Vitamin C Metabolism. Another approach, long used to indicate the 
state of vitamin © nutrition of the body is the determination of the 
fragility of the minute vessels of the skin. In its crudest form, it was 
known as the tourniquet test (Rumpel-Leede phenomenon) and it has 
since been termed the “capillary fragility” or “capillary resistance’ 
test, depending on the modification of the original method used. As 
noted above, it should more correctly be termed to include the “minute 
vessels of the skin,” including venules and arterioles, since many of the 
small hemorrhages produced by whichever of the methods used are 
macroscopic and in the opinion of Marquardt” due frequently to the 
rupturing of the venules. Hess and Fish” suggested the relationship 
between the fragility of the minute vessels and scurvy in infants in 1914. 
Since then numerous workers have studied this phenomenon, using vary- 
ing methods with the result that there are at least three distinct schools 
of thought regarding the value of this method in the determination of 
the vitamin © nutrition of the body: I, Those who believe that the 
phenomenon is useful and important and who believe that a positive 
pressure method is probably the most satisfactory; (a positive pressure 
method is one in which a blood pressure manometer cuff is applied on 
the upper arm, and the pressure is raised to a level sufficient to block 
the venous return flow) (50 mm. Hg: Gothlin’’) halfway between dias- 
tolic and systolic pressures: Wright and Lilienfeld.’ After 15 min- 
utes the pressure is released and the petechiw visible to the naked eye, 
within a definite sized area, are counted. Schultzer,“’ Stocking,!'°° 
Gedda'' and others have had wide experience with this type of tech- 
nique; II. Those who believe that the phenomenon is useful and impor- 
tant and who feel that a negative pressure method is more reliable and 
acceptable. (A negative pressure method is one in which suction of 
varying degrees is applied to the skin for arbitrary periods of time and 
either the degree of negative pressure necessary to produce rupture of 
the minute vessels or the number of hemorrhages produced within a 
given time is accepted as indication of the degree of capillary resist- 
ance.) Leading exponents of this type of technique have been Hecht,' 
Wiemer,' Cutter and Marquardt,'’* Da Silva-Mello,'® 
Brock and Maleus!’’ and Cutter and Johnson;'’ III. Those who feel 
that studies of the vitamin content of urine and blood, as above out- 
lined, reveal the entire picture and that the so-called ‘capillary fragility 
tests” are misleading and of little value. Among workers who have 
presented evidence along this vein are Abt, Farmer and Epstein,''’ 
Goettsch,'' Anderson, Hawley and Stephens.'” 
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For detailed reports concerning the above viewpoints and evidence 
presented, the reader is directed to the references given above, but 
certain comments seem worthy of presentation here. First, one impor- 
tant concept seems to have been lost sight of too frequently in the dis- 
pute between those favorable to the use of the fragility of the minute 
vessels by one method or another, and the chemically minded group, 
namely, that the vitamin C saturation or lack of saturation and the 
clinical disease, scurvy, are two different conditions. To enlarge: an 
individual may be on a vitamin C-free diet for a very long period of 
time without developing clinical scurvy, and yet, by chemical studies 
of the urine and blood, may reveal a marked condition of vitamin © 
unsaturation. Conversely, a patient with severe scurvy may show a 
rapid chemical response to the adininistration of large doses of vitamin 
C, yet still have evidences of the disease, scurvy. If the vitamin © 
dosage is continued, these will, however, quickly clear up. Schultzer,’* 
in 1933, and the author,’ in 1934, reported early studies of the effect 
of cevitamic acid on the “capillary fragility” in cases of seurvy and 
since, these authors and others have confirmed their observations, 
namely, that, in scurvy, the fragility of the minute vessels of the skin 
is increased and that the administration of cevitamic acid produces a 
return to the normal status coincidental to the cure of the disease. 
While the chemical tests, therefore, probably give the more accurate 
picture regarding the degree of vitamin © saturation of the body, it is 
our feeling that the fragility of the minute vessels is among the earliest 
signs of scurvy and response to cevitamic acid therapy can be well 
followed by careful observations of the capillary fragility. 

It should be clearly understood that a number of conditions, such as 
thrombocytopenic purpura, poisons such as neoarsphenamin, and carbon 
monoxide, toxins such as those of scarlet fever and diphtheria, metabolic 
products associated with anemia and acetonemia, menstruation, and 
others, may produce an increased capillary fragility. A history of low 
vitamin © intake, a high capillary fragility and a response to cevitamic 
acid therapy with a resultant return to normal figures is certainly sig- 
nificant and a common occurrence on the wards of Bellevue and Post- 
Graduate Hospitals. These tests have been criticized as being variable 
and not accurate within narrow limits. This might be said of many 
extremely important tests used in medicine and certainly of many 
chemical tests commonly accepted as helpful. Fluctuations of a few 
petechiz more or less are of slight significance, but, when a patient has 
120 or more petechial spots with scurvy or a prescorbutic condition 
(by the method reported™) with a reduction to 12 to 15 petechial spots 
within 2 to 4 weeks of treatment coincidental with clinical cure, it 
would seem an important observation. 

A disadvantage of the increased pressure method is that, by alternat- 
ing arms, the tests can be done only about every 4 days, 8 days allowing 
time for healing of the ruptured vessels. On the other hand, large areas 
‘an be marked off for observation. Gothlin and his fellow workers use 
an area 6 cm. in diameter at the elbow crease. We feel that the skin 
below the elbow is more even in texture and in distribution per unit area 
of minute vessels, and have, therefore, used two circles each 2.5 em. in 
diameter, the upper edges of which are 4 cm. below the elbow crease. 
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The average counts are used. Some of the unfavorable reports con- 
cerning the value of this phenomenon have come from workers using 
the negative pressure methods."'""? Studies of the skin vessels during 
the past few years have demonstrated to us"’~"® that the number of 
minute vessels, especially venules, present in different areas of skin 
varies very markedly. When a small suction cup 1 em. or less in diame- 
ter is used over various areas of the extremities or the body, the results 
may be invalidated unless careful vessel microscopy studies are done 
first, to determine the presence of a large enough number of minute 
vessels to render a satisfactory test possible. This factor has not been 
considered in the reports of the above-mentioned workers. This objec- 
tion is overcome When larger areas are studied. 

A brief illustrative case report! may clarify the relationship of the 
chemistry to the capillary fragility. For many months the patient 
concerned and her husband lived on a total income of 81.75 a week 
for food, and inquiry revealed the fact that during that time, practically 
no vitamin C containing foods were taken. She noticed a marked ten- 
dency for easy bruising and for hemorrhages to appear under her toe 
nails. (We have seen several patients in whom this symptom was 
prescorbutic.) About 2 months before admission to the clinic, she 
began to eat an orange about once a week and added a few other vitamin 
( containing foods to her diet rarely. On July 1, 1936, the capillary 
fragility test by the method we have described” produced 63 petechive 
(0 to 10 being normal and 10 to 20 the upper marginal zone). This was 
definitely pathologic, but the 24-hour urinary excretion was 27.37 mg. 
and the blood level 0.95 mg. ©, both normal. A complete blood count 
including platelet count was normal, and the sedimentation rate was 
12mm. in 60 minutes. A saturation test, injecting 1 gm. intravenously, 
produced a return of S73 mg., indicating a condition of satisfactory 
saturation. After 4 more doses of 1 gm. intravenously in 6 days, the 
capillary fragility test produced 22 petechize which disappeared within 
12 hours, while, after the preceding test, they were still plainly visible 
after 24 hours. Injection of a 2 gm. test dose intravenously produced 
a return of 929% (1842.4 mg.) in 24 hours, indicating a condition of 
marked saturation. She received a total of one dose of 1 gm. and one 
dose of 2 gm. in 7 days, and a capillary fragility test showed 30 petechie. 
For the next 6 days, she took 1 gm. a day by mouth. At the end of that 
period, the fragility test produced only 12 petechiwe, practically within 
normal limits. Her general condition had markedly improved. She 
no longer bruised easily, and no new hemorrhages appeared beneath 
her nails. We have now had occasion to study over 40 such patients, 
some of whom are reported in detail in a previous paper,” and the results 
closely parallel and confirm the observations of Schultzer,*’* Dall- 
dorf,'°? and others. Our explanation of the above case would be that, 
while her small vitamin C intake had been sufficient to raise her blood 
and urine figures to within a normal level, she had not yet recovered 
from her early scorbutie condition and that the massive doses of cevi- 
tamic acid effected a rapid cure. Our past experience with such cases 
has been that abstinence from vitamin C rapidly results in an increase 
in the petechiw produced by the fragility test in contrast to a normal 
person, who is not so near the borderline of vitamin C deficiency. 
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A thorough understanding of the principles of crystalline vitamin © 
therapy must be dependent upon a knowledge of the fundamental 
considerations outlined above. We shall now survey the work thus 
far published dealing with its use in specific pathologic conditions 

The Use of Cevitamic Acid in the Treatment of Scurvy. ‘The disease, 
scurvy, Was naturally immediately considered curable by crystalline 
vitamin ©. Schultzer,"’* in 1933, reported the first cure by the use of 
vitamin in man. During 1934, Wentzler,!'’ Neuman,''> Brugsch''* 
reported cures in children, and Wright’ favorable results in the first 
3 patients (adults) treated with this substance in this country. Since 
then, so much confirmatory work has been published by both these and 
other authors, that further comment regarding the curative effect of 
vitamin © in this condition seems unnecessary. Certain observations 
regarding scurvy may, however, be of importance. Although it has 
been erroneously looked upon as a rare disease in our modern civiliza- 
tion, workers who are interested and aware of its multiple and insidious 
manifestations find it rather commonly in all walks of life. We have 
found it as a result of various faddist diets, poverty, distaste for foods 
containing vitamin ©, and inability to use vitamin C when taken by 
mouth, due to achlorhydria and other gastro-intestinal disturbances, 
hypersensitivity to citrus and other vitamin © foods, with resulting 
omission of these from the diet, and last, but not least, diets prescribed 
by physicians for the treatment of gastro-intestinal lesions, such as 
ulcers, colitis, and so on. The scurvy has in several instances been 
present and producing major symptomatology, while the patient was 
being cared for by the physician who prescribed the causative diet, 
It should be remembered that scurvy does not always begin in the classi- 
cal way but the symptoms complained of may be hemorrhages under the 
toe nails (as reported above), bleeding from the bowels, easy bruising, 
small scleral hemorrhages and the more cgmimon bleeding from the gums, 
commonly confused with pyorrhea. Weakness and secondary anemia 
are often present. These symptoms, with a marked increase in the 
capillary fragility, and a history of a vitamin © low diet, should suggest 
the diagnosis. Complete clearing of the symptoms with a return to 
normal of the capillary fragility as a result of cevitamic acid therapy 
makes the diagnosis presumptive. Blood and urine studies should be 
looked upon as confirmatory, with the above mentioned limitations. 
They may, however, be of utmost importance in determining the con- 
dition of vitamin C unsaturation, a necessary precursor to scurvy. 
Plaut and Bulow’ feel that the vitamin © content of the spinal 
fluid furnishes a more accurate index of vitamin C saturation of the body 
than do blood studies. It has been recognized for some time that anemia 
of a moderately profound type may be found in patients with chronic 
scurvy. This type of anemia responds quickly to the use of cevitamic 
acid and not to liver extract or iron.'?’'?! A. definite reticulocyte 
response pattern has been reported by Faulkner.'” 

The Use of Cevitamic Acid in the Treatment of Other Hemorrhagic 
Conditions.—It was logical that attempts should be made to treat 
other hemorrhagic conditions with large doses of this substance and 
certain workers, notably Boger and his and Engelkes!” 
felt that the results were very satisfactory after its use in cases of 


| 


THERAPEUTICS 727 


Schénlein-Henoch’s purpura, hemophilia and thrombocytopenic pur- 
pura. We have been unable to satisfy ourselves after rather extensive 
studies reported in part” that cevitamic acid in dosage up to toxicity 
(5000 mg. intravenously) has any effect on the course of thrombocyto- 
penic, Schénlein’s purpura or hemophilia. It should be remembered 
that these conditions alternate periods of remission with periods of 
relapse. Following the patient through complete cycles, as we have 
done, demonstrates relapses during therapy. It should be noted that 
some patients with scurvy have low platelet counts, and there may be 
an increase in platelets along with the general response to vitamin C 
therapy. Certain of these patients and other hemorrhagic scurvy 
patients have undoubtedly been diagnosed as thrombocytopenic pur- 
pura or hemophilia in the past. 

The Use of Cevitamic Acid and the Treatment of Gastric and Intes- 
tinal Ulcers. ‘The use of cevitamic acid in the treatment of gastric and 
duodenal ulcers has been the object of some study. Schultzer*’ studied 
the capillary resistance of 59 ulcer cases in comparison to 41S routine 
medical cases, as admitted to the hospital and found no appreciable 
difference. He concluded that vitamin C deficiency was not an etiologic 
factor in the production of peptic ulcer. | We are not familiar with any 
evidence of importance to the contrary. On the other hand, in our own 
experience, we have been able to give antiscorbutie doses by mouth 
to acute ulcer patients without disturbance. This is important when 
fruit juices and the other sources of vitamin © are poorly tolerated, 
since the superposition of scurvy upon an ulcer syndrome is certainly 
not to be desired. It is doubtful that a hemorrhage from an ulcer could 
he affected by the administration of vitamin C, since such bleeding 
is usually from an eroded small vein or artery, while the action of cevi- 
tamic acid appears to be principally on the capillary venule and arteriole 
walls. That there are patients suffering from so-called colitis as a result 
of a prolonged abstinence from vitamin ©, we are convinced. We have 
reported one such case in detail’ and have seen two others. In addition, 
in certain patients with a colitis on another basis, but who have been ona 
vitamin C-low bland diet for a prolonged time, the addition of cevitamic 
acid to the diet may bring about marked improvement in their general 
condition and a decrease in the bleeding. This is especially indicated if 
an unsaturation of vitamin © is determined by the methods above 
reviewed, Similar results have been reported by Hetenyi.' As a 
preventive measure, 50 to 100 mg. per day may well be added to 
the diet. It appears to be non-irritating in such dosage. 

The Introduction of Two New Anti-hemorrhagic Vitamins. [uring 
the past 3 years, Dam'? and his co-workers and Almquist and Stok- 
stad! have demonstrated the production of a hemorrhagic scurvy- 
like disease in chicks and its cure by the administration of a fat soluble 
substance occurring in hog liver fat, hemp seed and certain vegetables 
which they have termed anti-hemorrhagic vitamin K. Vitamin C is 
ineffectual in the treatment of this condition. 

Another substance asserted to have a definite effect in decreasing the 
fragility of the capillary walls in certain conditions when ascorbic acid 
fails has been recently presented as a vitamin P by Rusznyak and 
szent-Gyérgyi.' They found it closely associated in the cell with 
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vitamin ©. Chemically it appears to be related to the vegetable dyes, 
the flavenols. Work on these two new substances has not progressed 
far enough to determine fully their relationship to each other and to 
vitamin C, if, indeed, there is any. 

The Relationship Between Vitamin C Metabolism and Rheumatic 
Fever and Rheumatoid Arthritis. [1 interesting studies, Rinehart 
and his co-workers have attempted to establish vitamin C deficiency 
as one of the etiologic factors in the production of rheumatic fever and 
rheumatoid arthritis."°-'"* In animals, they reported that infection 
with a beta-streptococcus produced no significant lesions on the heart 
valves in the presence of adequate nutrition. When lesions did occur, 
they were of an exudate type. In uncomplicated scuryy they found 
atrophic and degenerative changes in the collagenous stroma of the 
heart valves. In animals with scurvy plus added infection, lesions of a 
combined degenerative proliferative character developed) with 
considerable frequency, and, in the opinions of these authors, presented 
a striking similarity to the lesions of acute rheumatic fever. Schultz! 
and Mote," while able to duplicate the production of similar lesions, 
felt that the changes only slightly resemble those of rheumatic fever. 
Rinehart points out that most of the rheumatic fever patients come 
from the underprivileged classes on an average low vitamin C diet and 
that, clinically, many of his patients gave a history of a low vitamin © 
intake or other evidence of vitamin C unsaturation. On the other hand, 
Schultz, Sendroy and Swift? and Shapiro!’ were unable to satisfy 
themselves that there is any clinical relationship between scurvy and 
rheumatic fever on the basis of previous dietary history or response to 
the giving of fairly large doses of vitamin C. We have been unable to 
affect the course of rheumatic fever cycles by giving cevitamic acid in 
doses as large as 1000 mg. or even 2000 mg. intravenously daily.“ 
Rhinehart does not feel that lack of response to vitamin C therapy 
necessarily disproves his contention, since scurvy may be only a factor 
in the preparation of the soil for the infection, but it would seem that 
the course of the disease should be ameliorated to some degree by the 
use of such large doses if there were a definite relationship. At present, 
however, it is possible to state only that further observations are neces- 
sary to clarify this important problem. 

The Use of Cevitamic Acid in the Treatment of Tuberculosis. It 
has long been recognized that patients with tuberculosis were helped 
by the inclusion of large amounts of vitamin © in their diets. Animal 
studies have tended to confirm this.'°*"* Recently, studies of man 
have appeared which demonstrate that there is an increased vitamin C 
requirement in this disease,'“:'** and that there is a rough parallelism 
between activity of the disease and the daily excretion of cevitamic acid 
on a controlled diet.'* Heise and Martin'* do not include in their brief 
report the relationship between the vitamin C excretion and the degree 
of fever, which, in turn, usually does parallel the activity in tubercu- 
losis. We have found that fever from various causes increases vitamin C 
metabolic demands, and it would seem that this may be the primary 
factor in their studies rather than tuberculosis as a specific disease. 
This point should at least be clarified. (One exception to this finding 
has been reported to be malarial fever.'") Steinbach’ and his co- 
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workers are at present engaged in studies of the effect of vitamin C 
on intestinal tuberculosis in man. Preliminary observations on a small 
series (9) seem to indicate a definitely favorable response with a halting 
of the usual downward course, gain in weight in 4 cases, and a striking 
improvement in the hemoglobin and red cell count in all 9 patients. 
This approach should be critically studied at greater length. It is too 
early to estimate the value of such treatment at present. Massive 
dosage (1000 to 1500 mg. daily) might well be tried. A question which 
naturally arises is whether the deposit of vitamin © in the intestinal 
wall which is one of the storage centers of the body plays a part in the 
effects in this specific group of cases. 

The Metabolism of Vitamin C in Pneumonia. It has also been 
found that there is a definite diminution in the urinary excretion of 
vitamin © during penumonia,' !! and that this can be compensated 
for by the use of cevitamic acid in large doses. It is tolerated better 
than citrus fruit juices which in large quantities produce gas and often 
diarrhea. No correlation has been found between the clinical condition 
of the patient and the vitamin © excretion, but this seems rather to 
follow the fever curve and, in our opinion, is more likely associated 
with the increased metabolism than the specific disease, pneumonia. 
Although suggested by Hockwald,'” there is at present no conclusive 
evidence that the course of pneumonia is affected by the administration 
of vitamin C in any form. 

The Effect of Cevitamic Acid on Pigmentation. ‘The effect of cevi- 
tamic acid on cutaneous pigmentation has been studied with resulting 
divergence of opinion. Szent-Gyérgyi'® and Sziile' reported a definite 
amelioration of the pigmentation associated with Addison's disease. 
The regression of cloasma has been reported by Sellei!® and the diminu- 
tion in the pigmentation from sunlight was claimed by Schade." On 
the other hand, Techner'? failed to confirm the effect on cloasma (using 
lemon juice), and Drigalski®* concluded from his studies that the pig- 
ment produced by ultraviolet radiation is not influenced by vitamin C. 
Hoff? feels that there are three possible pathological causes for skin 
pigmentation: hormonal, neurovegetative and vitamin C deficiency. 
He suggests that the pigmentation of Addison’s disease may be due to 
an avitaminosis © of endogenous origin. He reports encouraging results 
in patients with pigmentation due to Addison’s disease, known vitamin 
( deficiency and in certain cases of undetermined etiology. It is obvious 
that much further study is necessary to clarify this situation, but the 
trial of cevitamic acid for certain types of pigmentation seems justified 
in the light of our present knowledge. 

The Relation of Vitamin C to Diphtheria Toxin.— Considerable ex- 
perimental work with animals has established a relationship between 
vitamin C and diphtheria toxin'®’~'® and v. Gagyi showed that very 
similar changes in the ovary, posterior lobe of the pituitary gland and 
adrenal cortex occur in diphtheria toxin intoxication and seurvy.'~' 
In guinea pigs, the action of diphtheria toxin can be overcome by the 
administration of adrenal cortex and cevitamic acid, while either of 
these agents alone fails to be effective." Clinical studies report- 
ing encouraging results in the treatment of diphtheria on the same basis 
uave been reported, the clinicians confirming the need for the use of 
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adrenal cortex plus cevitamie acid, whereas insulin’ is contraindi- 
cated." Phis, of course, must not be considered as a substitute for 
antitoxin therapy but merely supplementary to decrease the toxicity. 
The number of cases is too small and too poorly controlled to establish 
this as more than experimental therapeutics at present. 

The Effect of Cevitamic Acid on Poliomyelitis Virus. ‘he work 
with diphtheria toxin led Jungeblut'? to investigate the effects of 
cevitamic acid on poliomyelitis virus in vitro with the following signifi- 
cant findings: 1, extraordinarily small amounts of vitamin © are cap- 
able of rendering non-infectious multiple paralytic doses of poliomyelitis 
Virus as determined by the intracerebral ‘injection into rhesus monkeys; 
2, the quantitative aspects of this inactivation are remarkably similar 
to the neutralization of diphtheria toxin by vitamin C; 8, vitamin © in 
the form used in these tests is a normal constituent of various animal 
and human tissues, particularly adrenal and brain, and occurs in a 
reversibly oxidized state in the blood. Our present figures for vitamin © 
content in the central nervous system are within the range found to 
be neutralizing. Studies should be made to determine whether there is a 
variation in these figures between susceptible and non-susceptible 
individuals. Studies to determine therapeutic or prophylactic possi- 
bilities are under way. 

The Effect of Cevitamic Acid on General Infections. While it has 
been frequently stated that vitamin © is indicated as a preventative 
and therapeutic agent for infections, generally, it should be noted™ that, 
under our observations, patients who have been completely saturated, 
having been for many days on dosages as high as 1000 mg. intravenously 
per day, have developed acute infections such as tonsillitis, otitis media 
and abscesses. 

The Relation of Vitamin C Metabolism to Diabetes Mellitus.  Sticlies 
on the vitamin © content in the urine of diabetic patients have failed 
to reveal any relationship between the degree of diabetes and the 
vitamin © content of the urine, 

The Relation of Vitamin C to Dental Problems. Lack of vitamin ©, 
as indeed most of the known vitamins, has been considered as a possible 
factor in the production of dental caries. Howe showed in 1920 to 1925 
that, by feeding guinea pigs a scorbutic diet, he could produce all of the 
better known dental lesions, including alveolar resorption, spongy 
gums, pockets and pus formation, together with caries and irregularities 
in the teeth themselves.“ On the other hand, Mellanby'® could not 
duplicate this work using puppies. Comment on these divergent re- 
ports is necessary. The guinea pig differs from the dog (and man) in 
its persistent tooth growth. Each tooth, at a given moment, shows all 
stages from the embryonic through maturity to senility and degeneration. 
This cycle takes about 40 days. Dogs, however, do not represent satis- 
factory experimental animals for this study, since they (unlike humans, 
monkeys and guinea pigs) do not need vitamin ©, being able to synthe- 
size it in their body. Fish and Harris!” in careful studies, using guinea 
pigs, found that in every case where deprivation of vitamin © was 
severe enough to produce results observable by histologic methods, 
it was found that odontoblasts, ameloblasts, cementoblasts, osteoblasts, 
osteoclasts and bone corpuscles had undergone complete degeneration 
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and were sometimes completely destroyed. Dalldorf and Zall' had 
previously found that vitamin © deficiency retarded the tooth growth 
in guinea pigs. This work needs confirmation in monkeys and man. 
We know, however, that spongy, bleeding gums are frequently due to 
vitamin © deficiency, and, when on that basis, will vield to cevitamic 
acid therapy. Hanke! has presented evidence that the regeneration 
of bone after fractures can, in most cases, be hastened by the administra- 
tion of cevitamic acid, 

The Relation of Cevitamic Acid to Goiter. Cevitamic acid and its 
effect on thyroxin have been recently studied, but again the reports are 
confusing, although the work is not strictly comparable. Demole and 
Ippen'’ reported that the lethal thyrotoxic effect of thyroxin on guinea 
pigs can be counteracted by cevitamic acid. On the other hand, Spence 
and Scowen,'™’ using cevitamic acid, could find no evidence of preven- 
tion or diminution of the thyroid hyperplasia in guinea pigs following 
injections of the thyrotropic hormone of the anterior pituitary. On the 
basis of this and other studies, they conclude that cevitamic acid is not 
an antigoitrigenic substance. 

Dosage. (evitamic acid has been administered orally and intra- 
venously and will shortly be available for intramuscular use.'*! Hitherto, 
it has been possible to use it intramuscularly, only if neutralized imme- 
diately before administration with sodium bicarbonate.!~ Otherwise, 
there was grave danger of the production of a slough. The dosage is not 
finally determined; under normal circumstances, 30 to 50 mg. per day 
by mouth appears to protect an adult against scurvy, and we have 
given as high as 5000 mg. intravenously before obtaining toxic effects.” 
Dosage should, then, be between those limits and should depend on the 
rapidity of the action desired. Probably 1000 mg. per day should be 
considered the maximum dose except under very unusual circumstances. 

General Summary. It is clear from the above review that the dis- 
covery of crystalline vitamin © has opened up a new and enormous 
field for laboratory and clinical research. It at once becomes apparent, 
as is usual under such circumstances, that much of the early work is 
confusing, and even conflicting in its results. Time and further studies 
will separate the grain from the chaff. At present, few general state- 
inents can be made with any finality in this particular field. It is 
fairly certain that cevitamic acid is of definite value in the treatment of 
patients who are suffering from vitamin © undernutrition, especially 
where rapid response is desired or where rich food sources of vitamin C 
cannot be utilized, because of gastro-intestinal disease, hypersensitivity 
or lack of utilization when taken by the oral route. We have come to 
realize that the manifestations of vitamin C deficiency are far more 
variegated than we formerly considered possible, under the classical 
syndrome of scurvy, and that these manifestations are present in con- 
siderable frequency in our present civilization. Cevitamic acid will 
probably have an increasing use as more of these manifestations are 
recognized, At present, the debatability of its use in any condition 
seems to be in reverse proportion to our certainty of the relation of that 
ondition to vitamin C deficiency. 

invinc S. Wricut, A.B., MLD. 
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UNDER THE CHARGE OF 
ALBERT MILLER, M.D. 
AND 
CHARLES G. SUTHERLAND, M.D 
CONSULTING PHYSICIANS, SECTION ON ROENTGENOLOGY MAYO CLINIC, 
ROCHESTER, MINN. 


Lesions Involving the Cranium and Its Contents. [n a compre- 
hensive review of the history of radiologic diagnosis, Percy Brown stated 
that the early roentgenologic studies of the skull were unsatisfactory 
if not, indeed, discouraging. ‘To pioneer workers in this field, he pointed 
out, were presented the same difficulties here as in other regions pos- 
essing three dimensions of nearly the same extent. As the handicap 
of required penetration was gradually overcome, there remained the 
real problem of differentiating tissue changes within superimposed 
structure of itself relatively dense. While attempts were made as early 
is IS97 to apply roentgenography to the study of intracranial tumors, 
brown stated that Schiiller, as late as 1917, considered the problem of 
differentiating tissue changes in the skull, in less experienced hands, 
constituted the unattainable, and that it required the wisdom of ex- 
perience to realize that only occasionally could such information be 
obtained directly. 
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Two factors that had considerable to do with the progress of subse- 
quent years were the introduction of the Potter-Bucky diaphragm (1916) 
and the modern duplitized Roentgen ray film (1918). The former 
with its suppression of secondary radiation and the latter with its re- 
duction in exposure time when used with double screens afforded the 
brilliancy of detail in the roentgenogram necessary to the recognition 
of the finer changes of density in bone or in the tissues of the cranial 
contents. 

In 1918, the procedure of ventriculography following the injection of 
air into the lateral ventricles, performed by Dandy and developed 
roentgenotechnically by Baetjer was accomplished. In his announce- 
ment, Dandy (1918) declared that these structures could be sharply 
outlined if air was substituted for cerebrospinal fluid, leading to the 
diagnosis and localization of many intracranial conditions; in internal 
hydrocephalus, he found the procedure invaluable. A few months 
later Dandy reported a simpler, less dangerous method of accomplishing 
the same object to which he gave the name encephalography. In 
ventriculography, gas or air was introduced into the ventricular system 
by means of direct ventricular puncture through trephine openings. 
In encephalography, gas or air was introduced into the ventriculo- 
subarachnoid space through subarachnoid puncture at the cisterna 
magna or lumbar sac. Each has its specific indications and contra- 
indications. 

The consensus of opinion expressed by various authors would indicate 
that brain tumors can be localized without the aid of roentgenographic 
methods in 50°] of cases. A definite proportion can be localized from 
the roentgenographic findings. In the remaining group, ventriculog- 
raphy and encephalography is the combined effort of the neurologist, 
the roentgenologist and neurosurgeon. 

Lesions of the skull are, with a few exceptions, quite similar to those 
of other bones of the body, Sosman (1927) stated, while those arising 
in the brain, its coverings and appendages, are not duplicated elsewhere 
in the human anatomy. As bony tissue, the cranial vault is liable to 
injuries, anomalies and deformities; inflammations and repair; and 
new growths, both primary and secondary. Anomalies of the skull, 
especially as to size and shape, are rarely of importance, unless one 
classifies turricephaly, scaphocephaly, oxycephaly, and so on, under 
this heading. These would better be grouped under the heading 
“synostosis crani’’ which indicates that the trouble is due to early 
closure of the sutures, with a consequent marked increase in intra- 
cranial pressure as the expanding brain pushes against the unyielding 
skull. 

Primarily, one thinks of brain tumor or other intracranial lesion 
when roentgenographic examination of the head is requested. Not 
infrequently the findings are those of lesions other than intracranial. 
Pendergrass and de Lorimier reviewed the lesions found involving the 
calvarium, that portion of the skull above a plane drawn through the 
supraorbital ridges and the superior nuchal lines of the occipital bone. 
A knowledge of these lesions, particularly the osteolytic, is necessary 
to avoid erroneous interpretations of more serious lesions. They 
illustrated several common or anomalous developmental conditions 
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such as dyostosis of the cranial bones, found in association with absence 
of or defective development of one or both clavicles (cleidocranial 
dysostosis); partial dysostosis, almost always the result of an inter- 
fering meningocele; vascular pools in the diploic spaces and particu- 
larly in the anterior or posterior parietal regions, occasionally with 
erosion on the inner aspect of the internal table due to pockets of the 
meningeal vessels or even of the venous sinuses; and Pacchionian 
depressions producing erosions of the internal aspect of the inner 
table and confined to the parasagittal regions. Filling defects may 
result in bone from: erosions by lesions essentially extraosseous, such 
as malignant neoplasms of the scalp, epitheliomata or sarcoma cutis; 
pheumatocele, pockets of air located either just berieath the scalp or 
confined within the cranial vault; angiomas of the meningeal vessels, 
“ spider-like” elongated tortuous channels of erosion or a widespread 
plexus erosion “angioma racemosum;”’ dilated emissary vessels in the 
occipital region near the midline; aneurysm of the cerebral vessels in 
the basal portion of the skull or in the occipital region; cerebral neo- 
plasm, primary or secondary, situated superficially; hydatid cyst in 
the cerebral cortex; and porencephaly, due to relative herniation of 
regional portions of a lateral ventricle in superficial atrophy of the 
brain substance, following birth injuries or trauma subsequently 
incurred, 

Bone destruction due to a lesion actually present between or within 
the tables of the skull included: ancient traumatic or surgical fenestra- 
tions; metastatic malignant lesions; plasma cell myeloma; endothelial 
myelomata; chloroma; Xanthomatosis; cholesteatoma (epidermoid 
or dermoid);  Hodgkin’s granuloma; osteomyelitis (non-specific, 
syphilitic, yaws, tuberculosis, mycotic, kala-azar); mucocele; and 
meningioma. Pepper and Pendergrass added an anomaly of develop- 
nent of the parietal foramina in the upper posterior angle of the bone, 
Rarely, foramina of large size result, apparently from an irregularity in 
the process of ossification, and these may be misinterpreted as xantho- 
inatosis or any one of,a number of the above mentioned defects. The 
anomaly is hereditary, in one family it was traced through 3 genera- 
tions. Sosman (1935) listed osteoporosis, osteoporosis circumscripta, 
osteomalacia, osteitis fibrosa cystica, osteitis deformans (Paget's 
disease), and leontiasis cranii and bone changes associated with endo- 
crine deficiency or dysfunction in addition to the lesions above men- 
tioned and added osteogenic sarcoma, hemangioma and osteochondroma 
to the primary tumors involving the skull. 

In a review of approximately 3000 roentgenograms of the skull, 
Dyke (1930) noted a thickening and irregularity of the inner table of 
the frontal bone, commonly designated as a benign or senile hyper- 
ostosis, in 3.79% of the series. Sherwood Moore studied the series of 
roentgenograms made on 6650 patients and found 96 similar lesions 
which he termed hyperostosis frontalis interna. He also found 133 
cases where the abnormality was limited to the diploé; the tables were 
unaffected. He termed the latter nebula frontalis, hyperostosis calvaria 
diffusa and hyperostosis frontoparietalis according to their location. 
Roentgenographically they showed a cloudy effect typifying a general 
even increase in the volume and density of the diploé of the vault. 
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The four types exhibited regional distribution, all were bilaterally 
symmetrical, and all four or any combination of the four occurred in 
one individual case. In his series, the patients, approximately 9S°; 
women, with but few exceptions, revealed a symptom complex as 
striking as the Roentgen findings. All were obese, or showed a tendency 
to obesity of the rhizomelic type. This, with hirsutism, usually on the 
chin, less frequently on the upper lip, suggested an endocrine factor, 
Headache, frequently disabling and referred to the forehead, with 
occasional tenderness and a feeling of pressure was a striking symptom, 
Other neurological findings were listed as noted in various patients or 
groups of patients showing these bone changes. 

Dyke (1930) observed in 4.5¢7 of his series a normal perpendicular 
bone formation in the outer table of the skull, usually in the parietal 
region, Which as he remarked exhibited some of the characteristics of 
and might be misinterpreted as sarcoma, meningioma or bone changes 
seen in some ef the congenital anemias of children. Meningioma 
dural endothelioma, endothelioma of the meninges, sarcoma of the 
dura) may appear as a cranial hyperostosis in’ the roentgenogram. 
Phemister credits Virchow with the first report of an endothelioma with 
overlying hyperostosis. The usual interpretation was that the growth 
of the underlying tumor stimulated the overlying bone, leading to 
non-tumorous new bone formation. It was found by histologic studs 
the tumor was primary in the meninges and invaded the bone by 
direct extension. Cushing (1922) presented the first extensive series 
studied by a single observer with much general information of the 
subject, especially as to the frequency of occurrence and the localiza- 
tion of the hyperostoses and the types of intradural lesions producing 
them. Sosman and Putnam grouped the various meningiomas of their 
series and stated the proportion of each recognizable on the roentgeno- 
gram. The types were: 1, The cranial-nerve-foraminal tumors; 2, 
the suprasellar tumors; 3, tumors arising from the olfactory groove of 
the ethmoid; 4, sphenoidal ridge tumors; 5, Svivian cleft temporo- 
frontal) tumors; 6, tumors of the convexities; 7, parasagittal menin- 
giomas; S, meningiomas of the falx; 9, tumors of the transverse and 
sigmoid sinuses. 

When the meningioma presents as a hyperostosis it may show as 
either an increase or a decrease in the density of the bone; as an erosion 
characterized by a localized roughly circular area of thinning with a 
mottled spongy appearance, irregular in outline, surrounded by small 
wormlike vascular channels radiating from the eroded area and fre- 
quently disappearing in small circular holes where the vessels perforate 
the bone; or as osteomatous changes, nearly always associated with 
erosion and vascularity, usually as spicules of bone running perpen- 
dicularly to the surface of the bone, or occasionally as a diffuse thick- 
ening of the involved bone. In about 257 of their cases the channel 
for the middle meningeal artery Was enlarged on one or both sides, 
depending on the location of the tumor. This is also found with other 
tumors and occasionally similar vascularity is found without any 
demonstrable lesion. 

Neurinomas (acoustic nerve tumors) were rarely recognizable as 
such in Sosman’s series, but frequently gave general signs of increased 
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pressure and occasionally caused erosion of the petrous bone evident 
as a unilateral enlargement of the internal auditory meatus. ‘Towne 
reported a technique developed by Chamberlain to show this erosion, 
and reported 3 cases in which the lesion had been demonstrated by the 
Roentgen ray. Camp (1929) found that normally there may be a con- 
siderable difference in the diameter of these openings in the same skull 
and considered localized erosion of the petrous portion of the temporal 
bone and the adjoming base of the skull as reported by Pancoast and 
Mayer a more reliable sign. Taylor and Geyvman and Clark discussed 
the use of various positions to demonstrate suppuration of the petrous 
pyramid, Sussman described an apparatus for making simple exposures 
of the petrous pyramids in the Stenvers projection and modifications 
of this technique to show the mastoid process, mastoid antrum, tym- 
panic ossicles, labyrinth, internal auditory meatus and middle fossa 
of the skull. 

In a review of approximately S000 roentgenograms of the skull, 
Dvke (1930) noted the frequency of what are generally regarded as 
“physiologic” intracranial calcifications. He found calcification 
within the pineal gland in 51; of his series. Naffziger and Vastine 
and Kinney devised methods of measuring the normal position of this 
gland and using deviations from this normal position as an indirect 
method of locating brain tumors. Frontal tumors displaced the gland 
posteriorly, temporal tumors caused posterior displacement, 
parietal tumors displaced the gland downward, occipital tumors dis- 
placed it anteriorly. Unusually large tumors also displaced the gland in 
other directions. The subtentorial tumors caused varying degrees of 
upward displacement. Only very large intrasellar or extrasellar tumors 
displaced the gland, then posteriorly. Tumors generally displaced the 
gland to the side opposite the neoplasm, cicatricial contraction in old 
inflammatory lesions drew the gland to the affected side. Dwke found 
calcification of the choroid plexus in 5.17 of his series. This was bi- 
lateral and symmetrically located and offered little chance of confusion 
with the pmeal. Calcification in one or both of the internal carotid 
arteries Was seen in only 1.37 of his cases. Ossifications in the falx 
cerebri were noted in 6.967. O'Sullivan found these usually in the an- 
terior portion in the form of needles, plates or buttons which are at 
times paired in the two layers. These so-called osteomas of the falx 
are also seen in the tentorium cerebelli, especially in the region of its 
attachment to the dorsum sell and the crest of the petrous portion of 
the temporal bone, also in that strip of dura which forms the periosteum 
of the clivus, the bony surface which slopes down from the pituitary 
fossa. He reported retrobregmatic ossifications of the dura which he 
had not before seen described. 

Pathologic calcification may occur in tumors, hematomas, tubercles, 
aneurysms, old abscesses, areas of old meningeal disease and encephal- 
itis, Camp (1930) divided these for practical consideration into the 
neoplastic and non-neoplastic groups. Of the neoplastic group, calei- 
fication Was most common in the ghal tumors (arising from the brain 
tissue), endotheliomas (meningiomas), suprasellar cysts (Rathke’s 
pouch tumors), hemangiomas, dermoids, and cholesteatomas. Other 
tumors rarely calcified. The gliomas, which made up 43°; of Sosman’s 
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series, showed only 10 to 120% calcified. Camp in his series found only 
5%. Schwartz found calcification to vary according to the type of 
tumor. The calcification had a tendency to a string-like formation and 
involved a considerable area. Calcification in meningiomas occurred in 
two different areas: 1, within the capsule or membrane’ surrounding 
the tumor, and 2, within the tumor itself. In the first instance the 
shadows of the calcification closely simulate those of the calcific or 
osseous plaques found in the falx or meninges; in the second instance 
there were punctate and discrete areas of density corresponding to the 
psammoma bodies which these tumors frequently contain or con- 
glomerate masses of calcareous material. Suprasellar cysts showed 
calcification of some degree in 70°, of Sosman’s series. The calcified 
shadows, seen about the outlet of the sella turcica, above the clinoid 
processes, posterior to the clinoid processes, and even within the sella 
turcica itself, are often of a faint, irregular flocculent nature that may 
be easily overlooked. In many cases a dense calcified mass with in- 
distinct edges was observed. The walls of the cyst may calcify in a 
linear fashion. Calcification in dermoids and cholesteatomas simulate 
those of Rathke pouch tumors very closely. In the non-neoplastic 
group, aneurysms containing calcium sufficient to render them opaque 
to Roentgen rays are rare; Where demonstrable the shadows are seen 
above or just lateral to the sella turcica. Unilateral erosion of the sella 
turcica or clinoid processes may accompany the lesion. Angiomatous 
malformations, venous and arteriovenous, are primarily surface lesions 
of the hemisphere; in the roentgenogram the shadows closely simulate 
diffuse calcification of an atrophic cerebral cortex. Calcification in 
hematomas was largely confined to areas within the substance of the 
brain, visualized as an irregular dense shadow, roughly triangular in 
shape. Subdural hematomas rarely have a calcium content sufficient 
to make them demonstrable on the roentgenogram. Changes in the 
sella turcica are an important roentgenological manifestation of intra- 
cranial disease. Camp (1923) dissected and made tracings of 110 sella 
turcicas and reported his findings graphically. His findings were 
similar to those of other observers quoted, that there was a wide varia- 
tion of the normal. The same author, in 1924, stressed the necessity of 
an adequate roentgenographic technique to avoid misinterpretation of 
the findings. Bridging of the sella was rare in his experience and of no 
clinical import. Intrasellar tumors enlarge the sella in a uniform 
circular manner at the expense of the floor and the dorsum sellze. The 
floor is slowly eroded until a pouching into the sphenoidal sinus occurs 
with total destruction of the intervening bone. The roentgenogram 
shows a double line of the floor, the higher line representing the lateral 
border of the pituitary fossa, the lower is produced by the contrast of 
the air in the sphenoidal sinus against the lower border of the tumor. 
The dorsum sell is thinned and eroded; it first becomes concave on 
the anterior surface, later straight and narrow, and finally is pushed 
backward by the increasing size of the tumor. The anterior clinoid 
processes are not affected until the tumor has reached a fair size; when 
involved, they are usually eroded from below and behind with the pro- 
duction of short blunt processes. The amount of sellar deformity was 
no index to the extent of acromegalic changes elsewhere in the body. 
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The pressure associated with extrasellar tumors produces a widened 
and flattened sella. The posterior clinoids are eroded from above 
rather than anteriorly, and they become shortened and pointed rather 
than narrowed and thinned. The anterior clinoid processes are thinned 
and pointed rather than shortened and blunt. The posterior clinoids, 
owing to erect position and central location, are more easily eroded than 
the anterior, and in cases of marked intracranial pressure may exist 
only as mere remnants of the original structures. As the anterior wall 
of the sella and the tuberculum sellze are eroded from pressure coming 
from above, the outlet of the fossa becomes widened and the depth is 
diminished, Unilateral lesions showed more marked destruction on the 
side corresponding to the lesion in the specimen, but these changes 
were not distinguishable on the roentgenogram. In children, pressure 
erosion will produce a “cupping” of the floor; if a large sphenoidal 
sinus exists the pressure produces complete erosion of the floor. Hydro- 
cephalus induced by causes other than cerebral neoplasm, because of its 
accompanying increased intracranial pressure, will produce changes in 
the sella exactly simulating those induced by extrasellar tumors. De- 
formities of the sella produced by increased intracranial pressure re- 
sulting from such lesions as brain abscess, cerebral aneurysm, or 
craniostenosis (oxycephaly) cannot be differentiated in the roentgeno- 
gram from a deformity produced by other extrasellar lesions. Diseases 
of the sphenoid bone, either primary or secondary in origin, produce a 
marked change in the roentgenographic appearance of the sella. 

When the neurological examination conducted by an experienced 
observer with a careful history, inspection of the visual fields and 
roentgenographic examination has failed to localize a lesion, ventriculog- 
raphy or encephalography, as the neurological findings indicate, is the 
method of choice. This procedure is necessarily a coéperative effort 
of the neurologist, the roentgenologist and the neurosurgeon, because 
in many cases it is but one step in surgical intervention, the operative 
procedure determined by the findings on the pneumogram. 

In the radiological literature, Grant presented one of the most 
succinct reviews of the normal anatomy and physiology of the cerebro- 
spinal fluid channels, a knowledge of which he considered essential to 
an intelligent interpretation of the pneumogram. Within each cerebral 
hemisphere lies a circumscribed collection of fluid, the lateral ventricle. 
On the floor of the ventricle lies the fluid-producing mechanism— the 
choroid plexus. Each lateral ventricle extends in three planes, arching 
forward into the frontal lobe (anterior horn), backward and laterally 
into the occipital lobe (posterior horn), and curving laterally downward 
and again forward into the temporal lobe (inferior horn). That part 
of the ventricle from which these horns extend is known as the vestibule 
ind it is in this part that the lateral ventricle is largest. Roughly, the 

estibule lies 3 em. posterior to a line drawn perpendicularly over the 
vertex from one external auditory meatus to the other and at a hori- 
contal level to this line and 5 to 7 em. above the meatus. The two 
lateral ventricles are normally symmetrical and equal in size and shape. 
The only exit for the cerebrospinal fluid formed in each lateral ventricle 
s through the paired foramina opening from the lower median surface 
of the anterior horns, about 2 cm. behind their tips, the foramina 
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interventriculare (foramina of Monro). These foramina lead into the 
third ventricle, which lies directly in the midline, just above and behind 
the sella turcica and the posterior clinoid processes. From the third 
ventricle, the fluid passes down the midline through the aqueduct of 
Sylvius to the fourth ventricle. From the fourth ventricle the fluid is 
poured into the subarachnoid spaces through the medial foramen of 
Magendie and the two lateral foramina of Luschka. Thence it is carried 
up over the cortex to be reabsorbed into the blood stream along the 
vascular channels. The course of the cerebrospinal fluid is from within 
the lateral ventricles outward. Intracranial tumors cause two main 
types of changes in the outline of these ventricles, symmetrical and 
asymmetrical variations in their size, shape and position. Asymmetrical 
Variations are due to tumors lying within the cerebral hemispheres 
lateral to the midline. These effects are due commonly to direct im- 
pingement on the lateral ventricles by the tumor mass. Symmetrical 
dilatations of the ventricles are due to obstruction of the free circulation 
of the cerebrospinal fluid, by tumors situated in the midline between the 
cerebral hemispheres, impinging on the foramina of Monro or the third 
ventricle, or in the posterior fossa blocking the aqueduct of Sylvius, the 
fourth ventricle or the cistern. In the roentgenogram the antero- 
posterior and postero-anterior projection, as a rule, furnishes the most 
decisive information. Defects in ventricular outline seen from these 
angles are much more likely to be real and not due to errors in technique. 
A shift in the position of the lateral ventricles, disproportionate or 
uniform changes in their size or shape, or obstruction of a horn, or of the 
entire ventricle, are easily discernible. The situation and size of the 
third and fourth ventricle may be noted. The lateral projections 
should confirm the findings in the sagittal plane observations. — In 
interpreting the shadows seen on the lateral projections one must 
remember that the size of the posterior horns of the lateral ventricles 
show much variation; a complete absence of these horns may not be 
abnormal. A distortion must be observed in all projections to be of 
diagnostic value. 

Torkildsen and Pirie constructed a cast of the cerebral ventricles 
and in a series of diagrams they illustrated the superimposed portions 
of the lateral ventricles as they appear on the roentgenogram on the 
anteroposterior and posteroanterior projections. 

The advantages and disadvantages of the various methods suggested 
and used in the procedure of encephalography were discussed by von 
Storch and a new simultaneous replacement apparatus was described, 
based on a clearer conception of the dynamics involved. The seeming 
complexity of the apparatus itself was more than balanced by the ease 
of operation and the results obtained. The advantages claimed were 
that the normal intracranial pressure was resumed when the patient 
was returned to bed; reactions were therefore less severe and the 


roentgenograms were more accurate. Freeman reported the use of 


colloidal thorium dioxid for ventriculography in about 20 cases over a 
period of 2 years. Advantages were that it was freely miscible with the 
ventricular fluid, permitting ready diffusion throughout the cavities. 
It was also of high specific gravity, tending to reach the dependent 
points in the ventricular system, and outlined the aqueduct and fourth 
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ventricle. Most important was the pressure relationships within the 
cranial cavity were not disturbed. In no case was more than 6 ce. of 
the thorium dioxid used. In cases where the fluid pathways were clear 
it passed readily to the subarachnoid spaces and was eliminated within 
! hours from the cranial cavity, at least in amounts detectable by the 
Roentgen ray. 

Many excellent papers have been written on the interpretation of the 
pheumographic findings and others correlating the pathologic findings 
with the alterations from the normal observed in the roentgenogramis. 
Those reviewed are included in the bibliography as a guide to a more 
intensive study of this increasingly interesting subject, 

CHARLES G, SuTHERLAND, M.D. 
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